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ABSTRACT

The Computer Aided Prototyping System (CAPS) is a software tool intended to make

the software development cycle more efficient. Through the use of prototyping, the

functional requirements for an embedded system can be quickly validated before wasting

resources on an hiadequate design. As CAPS is composed of separate tools, the user

interface must tie these separate programs together into one coherent tool easily used by a

software engineer. This thesis discusses the design and implementation considerations

involved in creating an improved user interface for CAPS. The new interface is simpler for

the user to use and configure. It is also easier for the system administrator to make changes

as tools are added to the system and improved. The new interface also tightly couples the

Prototype System Description Language (PSDL) syntax-directed editor to the graph editor,

and enables automatic propagation of constraints between the two. The final design is

presented, along with the implementation. The thesis also contains a manual for using the

system as well as a programmer's manual.

Aeosulon For
NTIS GRA&I e'/

DTIC TAB Q3
Unannoune',ed
Justiflcation

By
Distribution/
Avallability Codes

Avail and/or

W1$st Special

MCI QUALIM M&SPEMOE Z



THESIS DISCLAIMER

Ada is a registered trademark of the United States Government, Ada Joint Program

Office.

InterViews is a registered trademark of Stanford University.

Macintosh is a registered trademark of Apple Computer, Inc..

Motif is a registered trademark of the Open Software Foundation.

X Window System is a trademark of The Massachusetts Institute of Technology.

iv



TABLE OF CONTENTS

1. INTRODUCTION ...................................................................................................... 1
A . G EN ER A L ........................................................................................................ 1
B. PROBLEM STATEMENT ........................................................................... 2
C. SCOPE ........................................................................................................ 3

II. BACKGROUND ................................................................................................... 4
A. GENERAL .................................................................................................. 4
B. PROTOTYPING SYSTEM DESCRIPTION LANGUAGE ....................... 4
C. COMPUTER AIDED PROTOTYPING SYSTEM ................................... 6
D. EVOLUTION STEPS .................................................................................. 7
E. X WINDOW SYSTEM ............................................................................... 9
F. INTERVIEWS ........................................................................................... 10
G. UNIDRAW ..................................................................................................... 11
H . M O TIF ......................................................................................................... 11

II. DESIGN OF THE CAPS '93 USER INTERFACE ............................................. 12
A. GENERAL .................................................................................................. 12

1. Nature of the Team .......................................................................... 12
2. Nature of the Tools .......................................................................... 12
3. Nature of CAPS ............................................................................... 12
4. Nature of User Interface Design ...................................................... 12

B. DESIGN PROCESS ................................................................................... 13
C. DESIGN RESULTS ................................ 14

1. General ............................................................................................. 14
2. Maintaining Consistency .................................................................. 14
3. CAPS '93 Environment .................................................................... 15

IV. IMPLEMENTATION CONSIDERATIONS ...................................................... 16
A. INTERVIEWS ........................................................................................... 16

1. Encapsulated Functions .................................................................... 17
2. Lack of Documentation .................................................................... 17
3. Use of Inheritance ............................................................................. 18

B. MOTIF ...................................................................................................... 18
C. IMPLEMENTATION CONSIDERATIONS ............................................. 19
D. MENU IMPLEMENTATION CONSIDERATIONS ................ 19
E. GRAPH EDITOR IMPLEMENTATION CONSIDERATIONS .............. 20
F. IMPLEMENTATION SOURCE CODE ........................................................ 20

V. FUTURE WORK ............................................ 21
A. DATA STRUCTURE CHANGES ............................................................. 21

1. Reduce the Number of Pointers ...................................................... 21
2. Incompletely Defined Objects ........................................................ 22
3. Time Units ......................................................................................... 22
4. Display Output .................................................................................. 22
5. Spline Generation ............................................................................. 23

V



a. Number of Points ........................................................................ 23
b. Performance .......................................................................... 23

Appendix A ........................................................................................................................ 24
I. CAPS USER INTERFACE DESIGN DOCUMENTATION ............................. 24

A. STATEM ENT OF PURPOSE .................................................................... 24
B. ASSUM PTIONS ....................................................................................... 24
C. GOALS/CONSTRAINTS HIERARCHY ................................................. 25
D. PRELIM INARY DESIGN ........................................................................ 28
E. TEST LIST FOR GRAPH EDITOR ........................................................ 33

Appendix B ....................................................................................................................... 35
1. USER'S M ANUAL ............................................................................................. 35

A. GENERAL .................................................................................................. 35
B. INSTALLATION ...................................................................................... 35
C. CUSTOM IZATION ................................................................................. 35
D. STARTING CAPS '93 ............................................................................... 36

1. Step M enu ........................................................................................ 37
2. Browse M enu .................................................................................... 40
3. Help .................................................................................................. 41

E. W ORKING W ITH STEPS ........................................................................ 41
1. Editing ............................................................................................... 43
2. Running a Prototype ......................................................................... 44

F. WORKING WITH THE PSDL EDITOR ................................................. 45
1. General Concepts of the PSDL Editor ............................................. 45
2. Interaction Between the Syntax-Directed Editor and the Graph Editor47
3. Operation of the Graph Editor ........................................................ 48

a. General .................................................................................... 48
b. M ouse Features ...................................................................... 49
c. Specifying defaults ............................................................... 49
d. Working with Operators and Terminators ............................. 49
e. W orking with Streams .......................................................... 52
f. W orking with Text Strings ................................................... 53
g. Graph Options ......................................................................... 54

4. Operation of the Syntax-Directed Editor ........................................ 55
Appendix C ........................................................................................................................ 56
1. PROGRAM M ER'S M ANUAL .......................................................................... 56

A. ENVIRONM ENT ...................................................................................... 56
B. GENERAL .................................................................................................. 56

L. Introduction ...................................................................................... 56
2. Inheritance ......................................................................................... 57
3. Object-Oriented M ethodology ........................................................ 58
4. Debug Code ....................................................................................... 60

C. M ODULE DESCRIPTION ...................................................................... 61
1. M enu shell ......................................................................................... 61

APvi.



a. Im plem entation Details ............................................................... 61
2. Interface to Syntax-Directed Editor ................................................ 62

a. Im plem entation details ........................................................... 64
3. Graph Editor .................................................................................. 65

a. Im plem entation Details ........................................................ 66
4. GraphObjectList .............................................................................. 69
5. GraphObject ................................................................................... 69

a. Im plem entation Details ........................................................ 70
6. OperatorObject ................................................................................. 71
7. Stream Object ................................................................................... 72

a. Im plem entation .................................................................... 72
8. SplineO bject ................................................................................... 73

a. Im plem entation .................................................................... 73
9. FontTable ....................................................................................... 76

Appendix D ........................................................................................................................ 77
REFERENCES ................................................................................................................ 276
INITIAL DISTRIBUTION LIST .................................................................................... 277

vii



LIST OF FIGURES

Figure 1, Example PSDL Graph ...................................................................................... 5
Figure 2, Decomposed PSDL Graph ............................................................................... 6
Figure 3, Evolution Step Diagram ................................................................................. 8
Figure 4, Evolution History Diagram ............................................................................. 9
Figure 5, Initial M enu . . . . . . . . . . ............................................... 29
Figure 6, A Step Has Been Selected ............................................................................. 30
Figure 7, Syntax-Directed Editor Editing PSDL .......................................................... 31
Figure 8, Graph Editor Editing PSDL .......................................................................... 32
Figure 9, CAPS '93 M ain M enu .................................................................................... 36
Figure 10, Step M enu .................................................................................................... 37
Figure 11, New Step Submenu ...................................................................................... 38
Figure 12, Open Step Selection Box ............................................................................. 39
Figure 13, Browse M enu .............................................................................................. 40
Figure 14, Help Menu ................................................................................................... 41
Figure 15, Save Step M enu ........................................................................................... 42
Figure 16, Edit M enu ................................................................................................... 43
Figure 17, Run Menu ................................................................................................... 44
Figure 18, PSDL Editor in Text M ode ........................................................................ 46
Figure 19, PSDL Editor in Graph M ode ...................................................................... 48
Figure 20, Draw Options M enu ................................................................................... 51
Figure 21, Properties Dialog Box ................................................................................. 52
Figure 22, Graph Options M enu .................................................................................... 54
Figure 23, Inheritance Tree for Graph Editor ............................................................... 57
Figure 24, Layers of X ................................................................................................. 58
Figure 25, Graph Editor Structure Chart ...................................................................... 67
Figure 26, Shadow Points ............................................................................................. 74
Figure 27, Constructed Center Point ............................................................................. 75

viii



I. INTRODUCTION

A. GENERAL

The breadth and scope of the problems facing software designers and programmers

today are well understood in the computer science community and in the nation at large. As

hardware becomes more capable, the software that drives the hardware becomes more

complex. As software and operating systems become more complex, the human frailties of

the supposed masters of these systems become more apparent.

Designers who can't remember their spouse's birthdays are required to know and

understand the intricate functioning of software systems with thousands of modules, each

with many parameters.

Programmers who can't give adequate directions to lost strangers are asked to

communicate the interfaces and interrelationships between modules of source code the

dimensions of a telephone directory.

Computer scientists who can't type reliably without looking at the keyboard must

correctly create and enter thousands of pages of source code, where the simple substitution

of a period for a comma can bring down a system.

Our society depends increasingly on the functioning of software. Everything from

microwave ovens to intercontinental telephone systems, video games to jet airplanes are

now reliant on the functioning of programs that must be error-free.

The trend in the software engineering field is towards automated tools that handle the

tedious mechanics of the design process, allowing the human mind to do what it does best.

Machines excel at the repetitive and mundane, but the human mind is capable of creative

thought and inference beyond the abilities of the fastest supercomputer. Although

computers make good spell-checkers, no computer can compete with the creative writing

skills of a third-grade child.



The Computer Aided Prototyping System (CAPS) is a collection of software

engineering tools that help the designers of large embedded systems to create complex

systems. It allows the human being to concentrate on the high-level details of these systems,

while verifying that the system can actually be implemented and operate in the way that the

designer desires.

To use CAPS, the user specifies the relationship between software objects, including

the data flow between them and the necessary constraints. These specifications are

expressed in the Prototype System Description Language (PSDL). The user ideally works

at a high level of abstraction, working his/her way down in terms of scope and up in terms

of complexity. Eventually an atomi- operator is reached that can no longer be subdivided.

The user has the option of selecting existing code that performs the desired operation, or

actually implementing the operator in a higher-level language such as Ada. At this point,

CAPS generates the necessary code to link the operators together, and notes any

inconsistencies in the specifications that make it impossible to translate. The prototype is

compiled and executed, allowing the user to verify that the system performs according to

its specification. CAPS automatically enforces the timing constraints expressed in the

PSDL and provide descriptive messages pinpointing timing problems.

The above is an extremely "soft" description of CAPS, but it's adequate to provide an

introduction to the system. A more complete description of CAPS and PSDL may be found

in Chapter II.

B. PROBLEM STATEMENT

CAPS has been the focus of research efforts for several years. Many different picces

of CAPS have been implemented as the end product of Masters' theses over different

periods in time, during different stages of the design effort, using system models with

different levels of maturity. As the different tools have been created they have been

combined into a somewhat less than coherent whole.
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The focus of this thesis is to create a simple, top-down design for the user interface of

the 1993 version of CAPS by examining the overall functioning of CAPS and taking into

account current models being used for the design process.

C. SCOPE

The scope of this thesis was originally limited to connecting together existing tools.

As the thesis process continued, however, it became apparent that some of the original tools

weren't up to the job. Although created in accordance with CAPS design as it existed at that

time, our understanding of the problem had improved as a result of previous work to a point

where improvements needed to be made.

This thesis contains three primary products. The first is the design for the CAPS '93

user interface. The second is the implementation of a drawing editor for the graphic

representation of the prototype. The third is the implementation of a menu shell for the

future CAPS tools.



I. BACKGROUND

A. GENERAL

The Computer Aided Prototyping System (CAPS) is a software engineering tool

designed to take specifications expressed in the Prototype System Description Language

(PSDL) and make them executable. The current design of CAPS allows the user to work

with two separate views of the prototype: a text-based view and a graphics view. It is

desirable to view prototype creation as a network of evolution steps.

One constraint on the graphics view is that it must be implemented in the X Window

System, from the Massachusetts Institute of Technology (MIT). This constraint is

motivated by portability concerns. The simplest way to implement an X Windows-based

graphic tool is to use one of the existing toolkits.

During the process of this thesis three toolkits were evaluated: the InterViews toolkit

from Stanford, the Unidraw toolkit from Stanford, and the Motif toolkit from the Open

Software Foundation. This section provides a general introduction to these issues, as well

as references for further study.

B. PROTOTYPING SYSTEM DESCRIPTION LANGUAGE

The Prototyping System Description Language (PSDL) is a text-based language

designed to express the specifications of real-time systems. It is based on a graphic model

of vertices and edges, where the vertices represent operators, or software processes, and

the edges represent the conceptual "flow" of data from one operator to another. Each vertex

and edge may have associated timing constraints, and the vertices may have associated

control constraints.

Formally, the model used is that of an augmented graph,

G = (V, E, T(v), C(v))
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where G is the graph, V is the set of vertices, E is the set of edges, T(v) represents the

timing constraints for the vertices, and C(v) represents the control constraints for the

vertices [LUQI88-2, p. 1411].

Conceptually, PSDL operators may contain other operators to support the principle of

abstraction. Effectively, the Prototype may be expressed as a flat graph, or a one-level

graph containing all the atomic operators and their streams. An atomic operator is one that

is implemented in a programming language, vice a composite operator consisting of other

operators and streams.

For example, consider the diagram of the following PSDL prototype:

Stream 2

Stream 2

Figure 1. Example PSDL Graph

This represents an operation modelled by Operator A that accepts one data item from

Stream 1, performs some operation on the data, and outputs Stream 2. The Maximum

Execution Time (MET), or the maximum time the operator may take to execute, is defined

as 500 milliseconds.

In this example, Operator A is decomposed as follows:

5



Stream 1

Stream 2

Figure 2. Decomposed PSDL Graph

Operator A is a composite operator, while Operator Al and Operator A2 are atomic

operators, implemented in Ada or some other language. Note that the timing and control

constraints on Operator A l and Operator A2 must be consistent with those of their parent

operator. METs for the child operators that summed to a value greater than that of their

parent would represent a semantic error in a single-processor execution environment.

Note also that Operator A is not really necessary to implement the prototype. It serves

merely to abstract the functioning of its child operators.

Using PSDL, we could express the above example as a system with a single input and

a single output, with a maximum execution time of 500 ms. We can further express that the

system contains two subordinate process with single inputs and outputs, with maximum

execution times of 200 ms and 150 ms respectively. We can also specify the order in which

the processes must execute for the system to operate correctly.

A more detailed and rigorous description of PSDL may be found in [LUQI88-2] and

[LUQI89-1].

C. COMPUTER AIDED PROTOTYPING SYSTEM

From the introduction to PSDL in the previous section, it is obvious that a method for

actually executing PSDL prototypes is very desirable. The software designer would be able

to see whether the PSDL prototype was logically consistent and semantically and

syntactically correct. It would also allow the designer to verify whether the assigned

6



constraints were achievable, or whether either looser constraints or a more efficient

implementation were required.

The Computer Aided Prototyping System (CAPS) was created with these goals in

mind [LUQI88-l ]. It is designed to provide the following features to the user:

* automated support for PSDL text editing
* a drawing editor for PSDL graphs
• generation of schedules and control code
• a run-time environment to monitor the execution of prototypes, flagging

timing problems and other constraint violations
* a data base of reusable components for implementing atomic operators
* automated support for editing and compiling source code for atomic

operators
* a sophisticated engineering data base for managing prototypes

CAPS currently consists of the following tools:

• Syntax-directed editor
* Graph Editor
• Expander
• Translator
• Design data base
• Software base
• Static scheduler
* Dynamic scheduler
• Ada source code editor
• Ada compiler

The specific requirements for the CAPS user interface is discussed in Chapter 1II. A

good introduction into the functioning of CAPS may be found in [LUQI92].

D. EVOLUTION STEPS

Software rarely emerges from the mind of the designer fully formed. It is more

commonly formed and crafted gradually, much like a sculptor works on a raw block of

stone. He/she patiently chips and chisels a piece at a time until the creation is complete.
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A designer first tries to decide what the code is supposed to do, then implements a

rough approximation. After a cyclical process of design review and prototyping, coding

and debugging, the module is linked into place.

One major difference between sculpture and coding is that the programmer can go

back to previous work and try different ways of accomplishing the same thing. The

programmer can also abandon changes that once looked promising but didn't work out to

be the best formulation.

[LUQI89-2] introduces a graphical representation of the evolution of a software model

that clearly describes the change history of a particular module, as well as providing a more

formal description of the change process. The revision of a software module can be

described graphically in the following way:

Problem Report- New Module Spec

EvolutionModule Spec

SStep New Module Code

Module Code

Figure 3. Evolution Step Diagram

The evolution history of a particular module can also be graphically described.



Figure 4. Evolution History Diagram

In the above diagram, versions 1.1 through 1.4 were created in that order. At this point,

the designer decided to make changes to a previous version, which resulted in version 2.1.

Still searching for the best implementation, the original version was modified, leading to

version 3.1.

Although the example focused on the efforts of a single designer, this model is well

suited to describing the activities of a design team. A senior designer may direct the

evolution of the entire project using the top level of the graph, while subordinate teams

work at a lower level, on the subcomponents of the versions. The model also supports a

parallel approach, where teams work on alternate solutions to the same problem.

[LUQI89-2] is a more thorough discussion of evolution steps.

E. X WINDOW SYSTEM

The X Window System was developed at the Massachusetts Institute of Technology

to solve a problem common in large computer networks: the need to display graphics on

many different hardware platforms. The solution was to implement a client-server model a

little different than that used to describe computer networks.

In the X Window System, a program is logically separated from the physical display

that shows its output. The program is called a client, while the physical display unit is called
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a server. The client sends the server packets of information that specifically describe what

the server is to display. The server then executes the desired display instructions. Using X,

the client can then send the same display instructions to any server it has access to, which

then uses a hardware-dependent method of executing the server's instructions

[JOHNSON89].

The graphics capabilities of X are often used to create graphical user interfaces for

Unix workstations. These interfaces support the point-and-click style of interface

developed at the Xerox, Inc. Palo Alto Research Center (PARC), popularized by the Apple

Macintosh, and imitated by Microsoft Corporation on IBM personal computers and

compatibles.

The basic X commands are implemented in reasonably low-level graphics primitives,

namely lines, circles, ellipses, rectangles, etc.. The need to implement higher-level

interface objects to represent things like pushbuttons and scrollbars soon became apparent,

as well as the need to simplify the programming model using abstraction and encapsulation.

This led to the appearance of a number of X Windows-based toolkits.

F. INTERVIEWS

InterViews is a toolkit developed in C++ at Stanford University [STANFORD91]. It

provides a number of predefined objects, including low-level objects such as pushbuttons

and scrollbars as well as more sophisticated objects like file management dialog boxes and

text editors. Version 3.0 of InterViews also comes with a sophisticated interface generation

tool called ibuild. Using ibuild, the programmer can lay out anything from simple text

dialog boxes to complete drawing editors. ibuild generates the source code to create the

object on-screen, allowing the programmer to wire in his/her application-specific logic.

InterViews makes extensive use of C++ features such as inheritance, making it a rather

educational example of object-oriented programming and the C++ language.
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G. UNIDRAW

Taking a further step, John Vlissides at Stanford University used the InterViews

toolkit to create a higher-level toolkit designed for the creation of domain-specific graphic

editors [VLISSIDES89]. This toolkit is called Unidraw. Using a standard set of atomic and

composite tools, Unidraw is capable of creating an extremely complex graphic editor with

a minimum of source code.

H. MOTIF

Another toolkit available for designing X user interfaces is the Open Software

Foundation's Motif toolkit. The Open Software Foundation (OSF) is a consortium of

companies including Hewlett-Packard, Digital Equipment Corporation, IBM, and others,

whose mission is to enhance the interoperability between computers of different

manufacturers.

Motif is a lower-level toolkit than Interviews, providing user interface objects known

as widgets with a specific appearance -and function. The programming environment

provided by Motif is commonly a mix between native X, an intermediate level known as

Xt Intrinsics, and higher-level Motif. The programmer can thus use the pre-defined Motif

objects to provide a user interface with a highly standardized appearance, while at the same

time having access to low-level X functions to implement more specific control over the

application.

The Motif environment is highly dependent on external configuration options known

as resources that allow the installed site and the user a great deal of control over the

appearance and functioning of Motif programs. If the programmer so desires, almost every

aspect of a Motif program from the color to menu options to fonts can be configured in

resource files, allowing the users extreme flexibility in the appearance and function of a

program. Resources are modified by editing simple text strings, without the need to

recompile the original source code [HELLER91].

11



II. DESIGN OF THE CAPS '93 USER INTERFACE

A. GENERAL

As mentioned in the introduction, the focus of this thesis is the user interface for CAPS

'93. Although this was intended to be a complete redesign, without regard to current tools

and their interface requirements, there were several factors that tended to complicate the

design.

1. Nature of the Team

CAPS is very much a group effort. Many thesis students and many professors and

instructors have been involved with CAPS since its inception, and there are divergent

opinions on many aspects of CAPS. Completion of this thesis was a sometimes painful

process of sorting and sifting these opinions into something approaching a unified design.

2. Nature of the Tools

Several of the CAPS tools are implemented using toolkits, each of which has its

own set of features and limitations. It was not initially clear exactly how much flexibility

the tools would offer in actually implementing the design.

3. Nature of CAPS

CAPS exists to automate the creation and execution of PSDL prototypes. PSDL

is a text language with a number of syntax options that are often confusing to new users.

The resulting interface must support the full set of PSDL syntax, while at the same time

being useful to new users who aren't PSDL experts.

4. Nature of User Interface Design

The primary objective of user interface design is to create an interface that will be

intuitive to the user. Although simple in concept, this is often difficult in execution. There

are as many different definitions of "intuitive" as there are users. Many users with good

12



memories and much experience prefer command-line style interfaces that allow them to

immediately enter and execute the commands they want. Other users with weaker

memories and a lesser degree of experience often prefer a more menu-driven interface that

suggests possible choices. Still other users prefer a fully graphical object-based interface

that allows them to point and click at icons.

B. DESIGN PROCESS

The first step in the design process was to create a Statement of Purpose for the

interface, found in Appendix A. A number of assumptions were made about the target user

of CAPS, also documented in Appendix A.

Since CAPS is essentially a collection of separate tools, it was also necessary to

determine the exact environment under which they would run, and the method they would

use to communicate.

Another consideration was the need for consistency with existing applications,

balanced against the theoretical models used in CAPS. Most computer users today are

familiar with the point-and-click style of interface often implemented under X, as discussed

in Chapter II. Computer users generally understand how to use a computer mouse as a

pointing device and how to work with pull-down menus.

All the previously mentioned interfaces allow the user to work with files and to

navigate around in subdirectories. They usually implement at least two standard items in a

pull-down menu: File and Edit. Users have come to expect this.

One of the decisions made in the design and implementation of CAPS was to use the

model of the evolution step as discussed in Chapter II. Although this compromises

consistency, it allows the user to work with the correct mental model, vice getting bogged

down in the directory structure of the user's environment.

The most effective form for documenting these requirements was the goals/constraints

hierarchy from [BERZINS9 1]. The resulting document is contained in Appendix A.
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Having arrived at the specifications for the interface, it was necessary to determine its

general appearance and structure. A number of different means of evaluating possible

interface designs were used, including the use of Macintosh Hypercard stacks, pencil

sketches, and Framemaker drawings. A final menu structure was finally approved,

contained in Appendix A.

C. DESIGN RESULTS

1. General

The design agreed upon for the main PSDL editing functions is a combination text

and graph editing system providing a number of improvements over previous versions of

CAPS. Instead of using a generic text editor, PSDL text is edited using a syntax-directed

editor generated by the Cornell Synthesizer-Generator. The new editor has the semantics

and syntax of PSDL built-in, preventing the user from making most mistakes. It is also able

to provide the user with the legal syntax options available at all stages of editing. The

correctness of the entered code is improved, as well as simplifying PSDL entry for novices.

The graph portion of PSDL is handled in two modes. In the vicw mode, the

syntax-directed editor is the primary editor, with a graph viewer located alongside,

displaying the graph of the current PSDL operator. As the user moves through the PSDL

text, the graph automatically updates to reflect the PSDL being viewed. In edit mode, the

syntax-directed editor is replaced by a full-function graph editor, capable of adding and

deleting operators and streams, editing names and constraints, and modifying graphical

attributes such as color, font, and location. When the graph editor terminates, the syntax-

directed editor automatically updates the edited prototype with the new graph.

2. Maintaining Consistency

One major problem with the previous versions of CAPS is the issue of

consistency between the text and graphic views. It is entirely possible to use the text editor

to modify graphical attributes of the prototype. These changes did not automatically reflect

in the graph, and the two views become inconsistent.
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This is no longer a p'oblem with CAPS '93, as both editors edit the same data

structure. Changes to the structure by the syntax-directed editor are always followed by

calls that update the graphical display. The graph editor can only be invoked from the

syntax-directed editor, so it is possible to check the data structure when the graph editor

terminates, and make the appropriate changes to the PSDL attribute tree.

3. CAPS '93 Environment

Previous versions of CAPS relied on a set of environment variables to point to the

locations of the directories used while editing the prototype. Under the new design, a

-/.caps directory is created automatically which contains a subdirectory for each prototype.

Within each prototype subdirectory, a subdirectory is automatically created and deleted for

each version as required.

With the CAPS files in a standard location, the user longer has to configure his/

her environment to use the tool. The only requirement is that the CAPS binary is in his/her

path, and the menu shell does the rest. The CAPS system is responsible for creating and

maintaining the directory and file structures it uses, and the CAPS user is insulated from

these details.
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IV. IMPLEMENTATION CONSIDERATIONS

A. INTERVIEWS

The previous version of the graph editor and of the menu shell [CUMMINGS90] was

written using Stanford's InterViews toolkit, discussed in Chapter H. This version of CAPS

was oriented around the graph editor, using the vi editor to edit PSDL source code.

InterViews proved to be an excellent choice for this project because an InterViews drawing

editor called idraw already existed. This editor was very close in functionality and

appearance to the desired CAPS graph editor, and it was possible to modify idraw to

achieve the desired results. The initial version of the graph editor was created before there

was a syntax-directed editor for PSDL, and hence was designed in isolation.

The CAPS '93 graph editor has a much different set of responsibilities from the

previous version. Rectangular operators have been added to represent Yourdon-style

terminators [YOURDON89], and concentric circles represent composite operators.

Streams with state variables are represented using a heavier line. Perhaps the biggest

difference, however, is the requirement that the graph editor be able to interface with the

syntax-directed editor in two ways: when thy syntax-directed editor desires the graph

updated, and when the graph editor is invoked.

Since the previous version of InterViews, Stanford has also introduced the Unidraw

toolkit for creating domain-specific drawing editors. Unidraw more completely

encapsulates the low-level functioning of the editor.

A one-quarter directed study was conducted to examine InterViews and its features,

especially those related to object-oriented programming. Two weeks were spent

researching Unidraw and attempting to determine whether Unidraw was a good fit to the

problem at hand.
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At the end of the evaluation period, it was determined that neither InterViews nor

Unidraw would be suitable for the CAPS '93 graph editor. This decision was made for the

following reasons.

1. Encapsulated Functions

Both Interviews and Unidraw are designed to encapsulate the low-level graphic

functions of X. They both do an excellent job of th's, implementing a rich set of graphic

interface objects and predefined window types. InterViews and Unidraw are very good at

solving the problems they were designed for, assuming the design decisions made for the

user are the correct ones. In a situation where the programmer wants more control over the

implementation, both Unidraw and InterViews become more difficult to use. The

programmer must deteimine exactly how the object performs the function desired, and then

must determine how to modify the tool's default behavior to suit his/her needs.

The CAPS '93 graph editor implements some very specific behavior that is not

directly available under InterViews. All functions are performed with the same mouse

button in order to simplify the interface. It communicates with the syntax-directed editor

by using special X events which require the editor to react. It implements curved lines that

always terminate in arrowheads, and always remain connected to the operators they are

attached to. It automatically breaks the text strings assigned to operators into multiple lines.

It associates a text string with a particular graphic object, so that when the string is selected

its parent object displays a visual cue to the user. It also stores the attributes of the graph in

a format that can be read and understood by the syntax-directed editor.

2. Lack of Documentation

Both InterViews and Unidraw are research tools developed at Stanford

University. As such, the available documentation is limited. Unix manual pages exists for

all functions and objects, and a few high-level tutorials exist, but there is little or no

documentation that explains how the pieces fit together. There is little reference material

for the programmer who wants to modify the behavior of existing tools. The only available
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form f documentation in most instances is to examine the uncommented library source

code for the tool in hopes of figuring out how things work.

3. Use of Inheritance

Interviews and Unidraw are both C++ toolkits making sophisticated use of

inheritance. Inheritance is a property of object-oriented languages like C++ that allow the

programmer to reuse existing software implementations, adding and modifying features in

a structured way. While this is no doubt a convenience for the programmer, it results in

some objects being implemented with seven or eight levels of inheritance. At the leaf nodes

of the inheritance tree, the reader sees methods and variables used, often with no idea where

they are defined. Small pieces of code are added at each level of inheritance, spreading the

complete definition of some operations up and down the inheritance tree. It becomes very

difficult to figure out what things do, where they do them, and how to modify them to

achieve desired results.

B. MOTIF

Motif is a fairly low-level toolkit that requires a mixture of high-level and low-level

programming to implement most things. While this becomes tedious in some cases, Motif

programming has the advantage of being straightforward. Most things happen right out in

the open, instead of being hidden in an inheritance hierarchy. Motif is also a widely used

industry standard. Any good technical computzr bookstore has a number of titles on various

aspects of Motif programming, providing a wide selection of examples to work from. Motif

provided the flexibility needed for the approved design while abstracting out many gory

details. It took a little over a week from first investigating Motif to producing a simple

editor capable of displaying operators and streams.
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C. IMPLEMENTATION CONSIDERATIONS

Having chosen a toolkit, it was also necessary to choose a language to implement the

graph editor and menu shell in. Since Motif is primarily a C-based toolkit, both C and C++

were options. Bindings also exist for Ada.

Ada was rejected for two reasons: lack of documentation and implementation

difficulty. Few commercial books are available on the subject of writing Motif code in Ada.

Also, Motif callback functions cause some problems.

In Motif, each interface object must have callback functions defined by the user in

order to implement desired behavior. A callback function is a normal C function with

specified formal parameters. A special function is called to associate the callback with the

correct interface object. This function takes as a parameter the address of the function,

which enables the window manager to call it.

This presents a problem in Ada, because there is no direct way to get the address of a

function. The Motif Ada bindings get around this problem by instantiating a generic

package with the callback function as a parameter. This is less straightforward than the C

implementation.

C++ was selected over C because of its strong typing, and also because its object-

oriented features are a good match for graphics-based programs that manipulate graphic

objects. It is conceptually straightforward to implement a graphic object as a C++ object

that contains information about its appearance and about how it should respond to various

stimuli, such as having its handles and text strings moved.

D. MENU IMPLEMENTATION CONSIDERATIONS

The diagrams for the menu shell initially implemented submenus of pulldown menu

items as diafog boxes with option buttons. Motif allows submenus to be implemented as

pullright menus. Since this provides a simpler and cleaner interface, Motif pullright menus

were used instead of dialog boxes.
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E. GRAPH EDITOR IMPLEMENTATION CONSIDERATIONS

Additional menu options were added to the original design as a result of user testing.

It was originally thought that a user would have no need for a Load option, because the

graph editor edits a file determined by the PSDL editor. It was pointed out that it is a good

practice to periodically save Work in order to recover from large-scale errors in judgement,

so this feature was added. An Undelete Operator option was added for the same reason, as

was a Quit Without Saving option.

During implementation it was also realized that a MET can only be entered for an

operator and a latency can only be entered for a stream. If the object is already selected on

the drawing, it can be determined by the object type whether a MET or latency is being

specified. One button was thus eliminated, simplifying the interface.

F. IMPLEMENTATION SOURCE CODE

Source code for both the graph editor/viewer and menu shell are located in Appendix

D.
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V. FUTURE WORK

In the process of completing a thesis project, many of the best ideas come when

it is too late to implement them. This thesis is no different. The following ideas are left to

posterity.

A. DATA STRUCTURE CHANGES

The initial data structure used by the CAPS '93 Syntax-Directed Editor (SDE) and the

graph editor/viewer was created at a time when the actual implementation of these tools and

of the communications interface between them was poorly understood. Experience gained

in the implementation process leads to the following recommendations.

1. Reduce the Number of Pointers

The current data structure uses pointers to link streams to the operators they

originate in and terminate in. Pointers are also used to reference data values used by the

SDE, such as maximum execution time (MET) and the is-composite flag. This practice

violates the principle of encapsulation as applied to these data structures, and introduces

some dangerous dependencies. For example, what happens when a maintenance

programmer decides to "clean up" the procedure for freeing memory assigned to a stream

node by freeing the target and destination operators? This memory returns to the system

heap for reassignment without actually being erased. At some point, some other routine will

probably be given this memory in response to a request for additional memory, overwrite

it, and cause a crash the next time the operators are referenced. This crash will come at an

unpredictable time and place, which will be difficult to trace back to the actual cause of the

problem. The current design does not recycle storage for the data structure used in the

interface between the graph editor and the syntax-directed editor, and it is unsafe to add

such a feature.
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It is recommend that unique identifiers of the necessary operators be placed in the

data structure, or the actual values in the case of MET and the is-composite flag. Access

routines can be written for the operator list that return any kind of information about the

desired operator.

2. Incompletely Defined Objects

The current SDE and graph editor/viewer always assume that the user will pass

semantically correct and complete information. They also assume that the user will decide

to end his/her work session when the prototype is complete and correct, vice wanting to

save work in progress that still needs to be finished. This assumption is unrealistic. The data

structure should contain a flag similar to "isincomplete" so that the tools can ignore

incompletely defined objects.

3. Time Units

The current data structure assumes that all time values will be specified in

milliseconds, although PSDL supports resolution down to the microsecond. It makes more

sense for the data structure to either explicitly contain unit information, or to pass data in

microseconds and have the t.AIs select the logical units to display the data.

4. Display Output

There are several pieces of information needed to write graphics data to a display

window, including the identifier of the display, the addresses of the output widgets, and the

desired graphics context. The graphics context is a data structure containing specifics about

the graphic output, such as foreground and background color and fonts. This data is

currently stored in each major program object

A'more object-oriented approach would be to define an object to encapsulate the

display. The major program objects would invoke the display object's methods to show

themselves on the screen, reducing the number of redundant class variables as well as the

effort required to propagate the display information around to the objects in the program.
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5. Spline Generation

a. Number of Points

Each spline is composed of a number of subsplines. Each subspline is

gener ated from a sequence of four control points. Since b-splines are continuous in the first

and second derivative, the subsplines join together to form a smooth curve. Before

generating a spline, though, it is necessary to determine how many points on the display are

necessary to draw each subspline.

A relatively crude method of determining the number of display points is now

used that depends on the maximum distance between control points. This value is used for

all subsplines of the curve, and generally results in sections with too many points. Excess

points slow down the program and clutter the graph. A more sophisticated method should

be used that determines the correct number of points for each subspline.

One possible method is to determine the x-y coordinates of the first and last

display point in each subspline. For control points P1 through P4 ,

p. 1 4 1 0
Pfirst 1 •" P + 4. P2 +' I P3 + 0. P4

0 1 4 1Plast = "P1 + "P2 + "P3 +g• P4

If the difference between the x coordinates is larger, this value would be the

number of display points to use. This would result in one display point per column of screen

pixels. Otherwise, the difference in y coordinates would be used, which would result in one

display point per row of pixels.

b. Performance

Every time the screen is redrawn the spline points are recalculated, resulting

in a significant performance burden. The actual x-y coordinates of the spline points should

be cached in some way, perhaps in an array, and only recalculated when the spline moves

on the drawing.
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Appendix A

I. CAPS USER INTERFACE DESIGN DOCUMENTATION

A. STATEMENT OF PURPOSE

The purpose of the Computer-Aided Prototyping System (CAPS) User Interface is to

integrate the CAPS tools into a simple, easy-to-use environment to facilitate the creation,

modification, and maintenance of prototypes.

B. ASSUMPTIONS

Every user interface must be designed using certain assumptions about the target user.

This design makes the following assumptions about the CAPS user:

1. The user will have some working knowledge of PSDL, but may not be an expert.

2. CAPS will be used by a broad spectrum of users, ranging from casual student

users to professional software engineers.

3. The CAPS user will know how to use a graphical windowing environment. He/

she will be able to navigate through a point-and-click style interface without additional

instruction on the use of the mouse, pull-down menus, dialogue boxes, etc.. A help facility

will be provided covering the meaning of menu items and the use of relevant tools.

4. The CAPS user will know what a data-flow diagram is, and will be able to specify

the operations of the desired prototype using this tool.

5. The person implementing the atomic operators will be familiar with the chosen

language.
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C. GOALS/CONSTRAINTS HIERARCHY

1.0 - Goals for the CAPS User Interface
1.1 - Must run on Sun or compatible workstations under Unix because this is the target

environment for CAPS.
1.2 - Must target a spectrum of users from novice to expert.

1.2.1 - Must provide on-line help for all CAPS functions.
1.2.2 - Should allow graphic and text-based views of the step to allow the user to

work with the most intuitive view.
1.2.2.1 - The transition between text and graphic view should be as simple and

seamless as possible
1.2.3 - Should provide command-key equivalents for most common point-and-click

functions.
1.3 - Must be easy to use so that time can be spent working instead of learning the tool.

1.3.1 - Must use a simple directory structure.
1.3.1.1 - Should use a -/.caps directory to store steps. This makes the

subdirectory easy to find for the tools as well as not visible in normal
listings.

1.3.1.2 - Each prototype will have its own subdirectory, with the subdirectory
name being the prototype name.

1.3.1.2.1 - Each version/variation of a prototype is a separate step, which
will be stored in its own subdirectory under the prototype
subdirectory. This keeps the steps separated from each other as
well as easy to find for the tools.

1.3.1.2.1.1 - The subdiiectory name will be the version number (i.e. 1.1
for fishfarm. 1.1.). This makes it easier for the tools to find
the right step.

1.3.1.2.1.2 -The step subdirectory will contain a <prototype>
subdirectory with all the prototypes PSDL and CAPS-
generated files.

1.3.1.2.1.3 - The step subdirectory will contain an <ada> subdirectory
containing the steps Ada files and Ada library. This library
will be linked into the Ada linkers search path.

1.3.1.2.1.4 - The step subdirectory will contain a <bin> suodirectory
containing the executable prototype.

1.3.1.2.1.5 - The step subdirectory will contain a <temp> subdirectory
containing all the temporary files for the step.

1.3.1.3 - CAPS should create and remove required temporary subdirectories on
the fly. This simplifies installation for the user as well as keeping the
temporary directories in a standard location for the tools to find.

1:3.1.4 - CAPS binary should be on the user path. This simplifies installation for
the user.

1.3.1.5 - A /usr/lib/caps directory or equivalent should contain a tool location
file, and possibly the tools themselves.

1.3.1.5.1 - The tool location file points to the location of the tools, allowing
the actual tool and data base location to be transparent to the
user.

25



1.3.1.5.2 - Created and maintained by the system administrator. Simplifies
CAPS use for the new user.

1.3.1.5.3 - Overridden as required using environment variables for each tool
and data base. Allows CAPS developers to use test versions of
tools, as well as secondary data bases.

1.3.2 - Must use a graphical, mouse-driven interface for ease of use.
1.3.2.1 - Must run under XWindows to enhance portability.

1.3.3 - Must provide a-consistent user interface.
1.3.3.1 - Should use consistent dialog boxes, buttons, menu bars, etc..
1.3.3.2 - Should avoid modal menus, which tend to be confusing to new users.

Menu options may be changed in drop-down menus without totally
restructuring top-line menu bars.

1.3.4 - User should be able to use the User Interface without reading any
instructions.

1.3.4.1 - Should not require the user to create a specified subdirectory structure.
1.3.4.2 - Should not require the user to set any environment variables to start

CAPS.
1.3.4.2.1 - The user interface should check for required environment

variables and prompt the user to set them if they are not set, or
set them automatically if possible.

1.3.5 - Should allow the user to perform the maximum amount of work with the
least amount of input.

1.3.5.1 - CAPS will start in an intelligent manner.
1.3.5.1.1 - If no steps are present, prompt the user for a name and start one.
1.3.5.1.2 - If one step is present, start using that step.
1.3.5.1.3 - If more than one is present, present a menu.
1.3.5.1.4 - If a file is present indicating the last step used, use it.

1.3.5.2 - Where one option is consistently more likely than others, i.e. retrieving
the latest version of a step from the DDB, it will be the default.

1.3.5.2.1 - Buttons, menu selections, etc., will allow less likely options.
1.3.5.3 - Should only verify program actions of a destructive nature.

1.3.5.3.1 - Should not make the user verify that he/she really wants to use a
tool, continue translation, etc..

1.3.5.4 - Menu trees should be as flat as possible.
1.3.5.5 - Normally, unsaved steps will be saved automatically before

translation, compilation, or exiting CAPS.
1.3.6 - Must show the user only relevant information.

1.3.6.1 - The user should only see one menu bar at a time.
1.3.6.2 - Interaction between tools should be transparent.
1.3.6.3 - The user should work with lists of steps and versions, without being

aware of what subdirectories they are in.
1.3.7 - Must prevent the user from performing illegal or illogical actions.

1.3.7.1 - Inapplicable menu choices should be grayed out.
1.3.9 - Must allow the user to manage tool output.

1.3.8.1 - Textual output from the CAPS tools and the Ada compiler should go
into a scrolling window that the user can close or relocate at will. This
allows the user to examine output at his/her own convenience.

1.3.8.2 - Error listings should be placed in a saved file to simplify later review.
1.3.9 - Should provide the user consistent feedback about program actions.

1.3.9.1 - Dialog boxes should inform the user when program actions such as
translation and compilation begin and end.
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1.3.9.2 - Dialog boxes should inform the user about the status of operations.
1.4 - Must enforce consistency and reliability where possible.

1.4.1 - Steps should be stored in one of two places
1.4.1.1 - The design data base holds well formed, public versions of steps/

operators.
1.4.1.2 - The step directories hold work in progress.
1.4.1.3 - When a step is checked out of the design data base for updating, the

steps database entry becomes read-only to prevent conflicting updates.
1.4.1.4 - When a step is co% mitted to the data base, the appropriate working

directories are era, A to prevent further modification to a committed
version.

[.4.2 - There should ideally be one design data base and software base.
1.4.3 - When a step/operator is checked out of the design data base, its whole

dependent sub-tree is checked out.
1.4.4 - Tools should save on exit as a default, with the option to quit without saving.
1.4.5 - All Ada code used for the component will be located in the Ada directory of

the step. This allows the complete implementation of a component to be
committed to the design data base without possitility of unexpected
changes.

1.5 - Must allow the user to create steps without leaving the CAPS environment.
1.5.1 - Must integrate the current CAPS tools into one coherent application.
1.5.2 - Must allow the user to generate a user interface for the step. This simplifies

the display of prototype execution data.
1.5.2.1 - Should allow the invocation of a tool such as TAE+ using a menu

selection.
1.5.2.2 - Should automate the connection between CAPS-generated step code

and step interface code as much as possible.
1.5.3 - Must allow the user to inv6ke an Ada syntax-directed editor within CAPS.

1.6 - Must provide a tool interface for the various CAPS tools.
1.6.1 - Should provide the user with browsers to look over the design data base and

software base.
1.6.1.1 - Executed from the top-line menu bar, it should allow viewing without

the option of checking out components. This simplifies just looking
around while limiting the possibility of unexpected consequences.

1.6.2 - The Tool Interface should be flexible, to allow future changes to the tool
structure.

1.6.2.1 - It should created with the expectation that the file structure for
components will probably change.

1.7 - Should conform to the required theoretical models.
1.7.1 - Steps should be managed using step names.
1.7.2 - Version numbers will be appended to the component name.

1.7.2.1 - Two digits preceded and separated by a period.
1.7.2.1.1 - First digit corresponds to a variation, or thread.
1.7.2.1.2 - Second digit corresponds to a version of that thread.
1.7.2.1.3 - Each new thread gets a new variation number.

1.7.2.1.3.1 - Numbered sequentially, regardless of parent variation. If
there are currently three threads, the next thread off of
variation 1.7 is 4.1.

1.7.3 - The user should be able to suspend a step in progress without committing it.
1.7.3.1 - The suspended step will be saved in the design data base in a

modifiable state.
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1.7.4 - The user should be able to abandon a step in progress without comnmitting it.
1.7.4.1 - The abandoned step will be saved in the design data base in a non-

modifiable state.
1.7.5 - The users private workspaces will be read-only to other users.

1.8 - Should provide a separate management/maintenance interface for separate tools,
where required.

1.8.1 - A separate management interface allows items to be added and non-step
management information to be maintained.

1.8.1.1 - The management interface will allow access to project-related data,
such as evolution step hierarchies, programmer assignments, etc..

1.9 - Should be sensitive to the requirement to demonstrate CAPS to non-technical,
interested users.

2.0 - Constraints
2.1 - Some required tools are not completely implemented.

2.1.1 - The user will perform all design data base management functions until the
management interface is completed.

D. PRELIMINARY DESIGN

The attached diagrams represent the preliminary design of the CAPS User Interface
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E. TEST LIST FOR GRAPH EDITOR

The graph editor must be capable of performing the following test actions:

* Read graph attribute file, new graph if not present
* Set default graph operator/terminator color
• Set default font
* Add operator
• Delete operator
* Undelete operator, attached streams undelete
* Move operator, streams follow
* Add operator name
* Delete operator name
• Move operator name string
* Change operator name font
* Line break on operator name at each underscore
• Add operator MET
* Delete operator MET
* Change operator MET font
* Move operator MET string
• Change operator color
* Add terminator
• Delete terminator
• Undelete terminator
* Move terminator, streams follow
* Add terminator name
• Delete terminator name
• Change terminator name font
• Add terminator MET
• Delete terminator MET
* Change terminator MET font
* Move terminator name string
• Move terminator MET string
• Change terminator color
* Resize operator
* Resize terminator
• Add curved stream
* Add straight stream with no control point, control point added
* Add stream name
• Delete stream name
• Change stream name font
• Add latency
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* Delete latency
* Specify state variable stream
* Change latency name font
* Move stream name string
* Move latency string
* Move stream control points
* Add stream with external source
0 Add stream with external destination
• Save current graph, continue working
* Restore last saved graph
• Print graph
• Return to SDE, no level change
• Return to SDE, edit parent graph
• Return to SDE, decompose to selected operator
• Return to SDE, abandon graph changes
• Return, indicating decompose to child
* Return, indicating view parent
• Return, indicating no level change
• Return, indicating no update of the data structure
* Update tool indicator with current tool name
• Display graph title in tide box
* Use alt-key shortcuts for menu options
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Appendix B

L USER'S MANUAL

A. GENERAL

The CAPS '93 user interface has been influenced by three major issues. First, it is

designed around the paradigm of the evolution step, as discussed in [LUQI89-2]. Second,

it uses the "select then act" model. Third, since it serves to integrate ongoing thesis work,

it is designed for flexibility.

B. INSTALLATION

Installation of CAPS '93 has two parts.

The system administrator's part is to place the tools somewhere in the file structure

and to update the /usr/local/caps/bin/toollocation.txt file with the correct locations. This

file should also be updated as new tools are installed, and in the event the tools are

relocated.

The user's part is to add the subdirectory with the CAPS '93 binary to his/her path.

When CAPS '93 is executed it looks for the necessary subdirectories. If it doesn't find

them, it makes them.

C. CUSTOMIZATION

Both the caps93 and grapheditor programs have been written to use the default colors

and fonts specified in the -/.Xresources. To change the colors and fonts for these two

programs, the following lines should be added if not present, and modified if present:

CAPSMenu*background: Orange

CAPSMenu*fontList: -adobe-courier-bold-r-normal-- 12-20-75-75-m-70-iso8859-1

Graph editor*background: PaleGreen

Graph_editor*fontList: -adobe-courier-bold-r-normal-- 12-20-75-75-m-70-iso8859-1
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In all cases, the values after the colons should be changed to the desired settings. Often

it is necessary to quit X and restart for the changes to take effect.

D. STARTING CAPS '93

Hopefully by now you're ready to take CAPS '93 for a spin. Assuming the executable

caps93 file is in your path, just type caps93. After a few moments the main menu comes up.

Computer
Aided
Prototyping
System

Figure 9. CAPS '93 Main Menu

From this point you have a number of choices. You may select a step to begin working

on, or you may browse the Design Data Base (DDB) or the Software Base (SB) to see

what's there. You may also use system help to get further guidance on using CAPS 93.

Let's discuss these options in detail.
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1. Step Menu

As mentioned before, CAPS '93 uses the model of the evolution step. The first

thing you must do to begin working is to pick a step to work on, using the Step menu. An

evolution step is a means of describing the change history of a program object. Evolution

steps are fully described in [LUQI89-2], and in this context mean nothing more than "the

object you want to work on."

Sputer

Prototyping
System

Figure 10. Step Menu

From the Step menu you may either create a new step, or do more work on a

previously created step. You may also select Quit to exit the system. Selecting New brings

up the New Step submenu.
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Figure 11. New Step Submenu

New steps may create the first version of a new prototype, or you may create a

new version or thread of an existing prototype, from the Design Data Base (DDB). A thread

is a new branch in the derivation tree, while a version is a further modification of an existing

thread. Whether your change is a version or a new thread is determined by the type of

change and the structure of the existing tree. For further information see [LUQI89-21.

To open an existing step, select Open from the Step menu. Opening an existing

step allows you to perform more work on a step-in-progress saved in your working area.

The user interface provides you with a list of all the steps saved in your work area.
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Figure 12. Open Step Selection Box

You may also quit CAPS 93 at any time by selecting the Quit option from the step

menu.
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2. Browse Menu

C
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Figure 13. Browse Menu

Another option available when first starting CAPS '93 is to browse either the

DDB or the SB. To browse the DDB, select Browse the DDB from the Browse menu. The

purpose for doing this is to look at work already saved, to get an idea whether existing work

may be modified to meet your needs. While browsing the DDB, all you can do is look, not

update. To check out items to work with, use the Step:New menu option to create a new

version/variation.

The Software Base is also available for looking, not updating. Browsing the DDB

lets you know what PSDL designs are avaiiable for reuse, and browsing the Software Base

lets you know what pieces of reusabk, program code are available. Modules from the

Software Base are used to implement atomic operators. You may browse the SB by

selecting Browse the SB from the Browse menu.
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3. Help

Computer
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Figure 14. Help Menu

Help is available in two forms. About CAPS tells you a little more about the

version of CAPS you're using, where CAPS Help gives you more information about using

the tools.

E. WORKING WITH STEPS

Now that you've selected a step to work on, your available menu options from Figure

10 change slightly. You can no longer select a different step because you are already

working on one. Since you've selected a step, you have the option of saving the step you're

working on to the DDB when the step is complete, or closing it to open and work on another

step before you complete the current step.
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Figure 15. Save Step Menu

There are three ways to save steps. The first option, Save Approved Final Version, is

used for finished work that has passed through the appropriate management review process.

You are committing your work, which makes it available for you and others to create more

versions or variations from, but not to modify. The second option is Suspend Step, which

also saves your work to the DDB, but in a form allowing it to be retrieved again for further

modification. This might be used in a situation where work on a particular step has come

to a standstill, but may start up again when new resources available, possibly new reusable

code modules, further technical guidance on implementation, or further design information

from the project management team. The final save option is to Abandon Step, which saves

the step in the DDB in an incomplete state, just like Suspend Step, but no further work is

possible. The step may not be changed any further.
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Any of the above save options results in your working copy of the step being loaded

into the Design Data Base. The user interface will also delete the working copy from your

work area. If you want to make further changes, you must check it out from the DDB as a

new version or variation.

The next possible option is to close the current step. This merely allows you to put

down the current step so you can pick up another one. You may reopen it at any time,

providing you haven't saved it to the DDB, abandoned, or suspended it.

Once you have chosen a step to work on, there are now a number of additional top line

menu options available, as shown in Figure 9. You may now edit the part of the prototype

to be updated by the step or build/run the prototype.

1. Editing

Prototyping
System

Figure 16. Edit Menu
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There are three options available from the Edit menu. The first is to edit the step's

Prototype Specification Description Language ,TSDL)representation using the PSDL

Editor. The second is to edit the Ada code for the atomic operators using a text editor. The

third option is to build a user interface for the prototype using the user interface generator.

The use of the PSDL Editor is covered in the next section. The use of the other

editors is beyond the scope of this manual.

2. Running a Prototype

Comp
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Figure 17. Run Menu

The Run menu has four available options. Make and Run translates the PSDL into

Ada, compiles the Ada, and executes the prototype. The other options break this function

into separate steps. The Translate option invokes the translator to translate the PSDL into
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Ada source code. The Compile option invokes the Ada compiler to compile the available

Ada code. The Execute option opens a Unix command shell and executes the prototype.

F. WORKING WITH THE PSDL EDITOR

The PSDL Editor is actually two tools in one. It is composed of a syntax-directed text

editor as well as graph editor. This reflects the nature of PSDL, which is a text language

describing graphical components. The current version of the syntax-directed text editor was

built by Dr. Fernando Naveda using the Comell Synthesizer-Generator, a toolkit created at

Cornell University. Documenting the use of the syntax-directed editor -s beyond the scope

of this manual. Further information on the Cornell Synthesizer may be found in [REPS89].

1. General Concepts of the PSDL Editor.

The PSDL Editor allows PSDL to be viewed in two ways: text view and graph

view. This allows the user to work in whatever view seems the most logical at the time. One

of the best features of the PSDL Editor is that the two views are tightly linked together to

reduce consistency problems.
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Figure 18. PSDL Editor in Text Mode

The primary editing mode of the PSDL Editor is to have both text and graph views

side by side. As changes are made to the text they are reflected in the graph viewer. The

graph displayed in the graph viewer window is continually updated to reflect the area of

text being edited.

At some point in time the user will undoubtedly want to edit the visual features of

the graph, to include the positioning of the objects, color, font, etc.. The secondary editing

mode of the PSDL Editor is a full-screen graph editor. This mode allows new graph objects

such as operators, terminators, and streams to be added or deleted. It allows these objects

to be moved and resized. It allows specification of names and constraints for the objects, as

well as their color and font. It also supports the printing of the resulting graph.
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2. Interaction Between the Syntax-Directed Editor and the Graph Editor

When the syntax-directed editor is started, it also starts a separate process which

runs the graph editor in viewer mode. The graph viewer displays the graph associated with

the block of text highlighted in the syntax-directed editor. As the text is changed, the graph

automatically updates to reflect the changes.

Eventually the user may want to edit the graph directly. At this point the syntax-

directed editor passes the graphic attributes to a second copy of the graph editor operating

in full-screen editing mode.

Whereas the graph viewer was run in the background, allowing both tools to run

at the same time, the graph editor is run in the foreground. This eliminates possible

problems caused by trying to edit the same prototype in both windows. This also has the

unpleasant side effect of preventing the syntax-directed editor from updating its window

when resized or when portions are covered by other windows and then uncovered. This

problem will hopefully be addressed in future versions of the syntax-directed editor.
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Figure 19. PSDL Editor in Graph Mode

The user is now free to update the graph as desired. When finished, the graph

editor first writes out the attributes of the graph and then stops executing. The interface

routines within the syntax-directed editor read the attributes and then update the graph

information stored in the syntax-directed editor. These changes are then propagated

throughout the PSDL description of the prototype.

3. Operation of the Graph Editor

a. General

The graph editor is a fuUl-featured drawing editor created specifically to edit

the graphical attributes of PSDL prototypes. It allows ordinary operators and terminators to

be placed, moved, resized, and deleted. They may be displayed in a variety of colors, with

each operator or terminator assigned a different color, if desired. It allows curved streams

to be placed, moved, and deleted. It allows names and constraints to be assigned to
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operators, terminators, and streams. These text attributes are assigned a default location,

but may then be moved anywhere on the graph. The font used to display text may be

changed as desired, with a different font assigned to each text string, if desired. The graph

may be printed, and when finished, control returns to the syntax-directed editor, which

generates the appropriate PSDL text to describe the editing changes.

b. Mouse Features

Mice in common use today have a variable number of buttons, from one to

three. Although the optical mouse in common use with Sun and compatible workstations

has three buttons, this may not necessarily always be so.

Applications in common use today are notoriously non-standard in how the

buttons on the mouse are to be used. In the interest of simplicity, the graph editor uses only

the left button.

c. Specyfying defaults

The user may specify a default font and color for the editing session. Do this

by selecting Drawing Options from the graph editor top line menu with no graph objects

selected. Pull down the appropriate menu, either Colors or Fonts, and select the desired

default.

d. Working with Operators and Terminators

Internally, operators and terminators are the same type of object with a

different visual appearance. Accordingly, they will be discussed together. It is reasonably

tedious to continually say "operators and terminators" or to use "operators/terminators" to

refer to the objects under discussion. For simplicity, the use of the word operators in this

section refers to both operators and terminators.

Operators are placed on the graph by first selecting the Operator Tool.

Referring to Figure 19, the Operator Tool is the button with the circle. The Terminator Tool

is the button with the rectangle. Either tool is selected by clicking on the button with the

mouse. Then, place the operator by clicking in the desired spot on the graph. The Operator
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Tool is engaged until another tool is selected, so an operator will be placed every time the

mouse is clicked.

Existing operators are modified by first engaging the Select Tool. This is

done by clicking on the button marked Select. Then, click somewhere in the operator. Text

strings often overlay operators, and have first priority for being selected. To modify the

operator vice one of its associated text strings, click on a part of the operator not covered

by the text string.

The tool provides visual feedback for this operation by surrounding the

selected operator with small square boxes known as handles. If one of the operator's text

strings is selected, the text string will be surrounded by handles also. To modify only the

operator, make sure the text strings don't have handles around them.

To move the operator and its text strings, select the operator and hold the

mouse button down. Drag the object to its new location, and release the mouse button. The

object will now be redrawn in its new location, with the text strings in the same relative

location, and still connected to the same streams, which have moved their attachment points

with the operator.

To resize the operator, click on one of its handles and hold the button down.

Move the mouse until the operator is the desired size, and then release the button.
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Figure 20. Draw Options Menu

To change the operator's color, select the operator as previously discussed.

Go to the menu bar of the graph editor and select Colors from the Draw Options menu, as

shown in Figure 20. Click twice in rapid succession on the desired color, which changes

the operators color.

To delete an operator, select it and press the Delete or Backspace key on the

keyboard. This will cause the operator to disappear along with any attached streams.

To undelete an operator, select the Undelete Operator option from the menu

and then select the name of the operator to undelete from the list presented. The operator

will reappear, along with any undeleted streams attached to undeleted operators, or any

external streams attached to the operator.

To unselect an operator and its text strings, ensure the mouse pointer is not

over another object, and click.
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Figure 21. Properties Dialog Box

To change the name of an operator, or to add, change, or delete its Maximum

Execution Time (MET), select an operator and engage the Properties tool. This is done by

clicking on the button marked Properties. A dialog box pops up allowing the new name and

MET to be specified. After entering the name value, press the tab key or use the mouse to

move the cursor to the MET field. When the desired values are entered, press the Return

key or click on the OK button to apply them to the graph. If a field is left blank, the editor

assumes that the existing property should be erased. To exit the dialog without making

changes, click on the Cancel button on the dialog box.

e. Working with Streams

To create a new stream, click on the button with the line, as shown in Figure

19. Generally, streams are laid out by specifying the beginning and ending operators as well

as the control points used to draw the stream. Different types of streams are specified in
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different ways. For a stream connecting two operators on the graph, click first in the

operator where the stream begins. Click once at the location of each control point. Finally,

click in the operator where the stream ends. The stream will now draw itself, including

arrowhead.

For a stream whose beginning point is off the graph, i.e. an external stream,

click on the starting point of the stream. Select the remaining control points, and then click

in the ending operator.

For a stream whose ending point is an external, click on the beginning

operator, select the intermediate control points, and double-click on the endpoint.

Streams are moved in the same general way as operators. First, select the

Select Tool. Click anywhere on the stream to select it. It provides visual feedback when

selected by showing its handles. A handle is displayed over each control point, including

endpoints of external streams. Tc move the control point, place the cursor over the control

point. Press and hold the mouse button. Drag the control point to the desired location.

Release the button.

To delete a stream, select it and press the delete or backspace key.

To change the name or add/change the latency value, first select the stream.

Click on the Properties Tool, which brings up a dialog box similar to Figure 21. Enter the

strear, nazme ard the latency, using the tab key to move between fields. If no value is

entered, the editor assumes the value should be erased. Select the appropriate toggle button

to indicate whether or not the stream represents a state variable. To apply the new field data

to the graph, either click on the OK button or press the Enter key. To continue editing

without changing the stream, click on the Cancel button.

f. Werkin with Text Stigs

Changing attributes of text strings is reasonably straightforward. As with the

other objects, first engage the Select Tool. Select the string by clicking on it with the mouse.

Handles will then appear around the string, and the object the string belongs to will display
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its own handles. To change the font, pull down the Draw Options menu as shown in Figure

20 and select Fonts. Double click on the desired font, and the text string will update its

appearance. To move the string, place the cursor over the string and hold down the mouse

button. Drag the string to its new location, and release the mouse button. To modify the text

string, select the Properties tool.

g. Graph Options

Other features are available from the Graph Options menu.

Figure 22. Graph Options Menu

To temporarily save the current graph and keep editing, select the Save and

Continue option. To load a previously saved graph, select the Restore from Save option.

The graph is printed by selecting the Print option from the Graph Options

menu. The graph is printed using the Unix xwd command at present, which provides a

crude but simple printed graph. For best results, expand the window to full-screen, select
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Print, and wait for two beeps before continuing. Otherwise, anything else on the desktop

will be included in the printed diagram.

To view the parent of the current graph, select View Parent from the Graph

Options menu. The current editing session will be terminated, the graph data in the syntax-

directed editor will be updated, and a new graph editing session will be invoked by the

syntax-directed editor on the parent graph.

To edit the children of an operator on the graph, select the operator using the

Select Tool. Select Decompose from the Graph Options menu. The current editing session

will be terminated, the graph data in the syntax-directed editor will be updated, and a new

graph editing session will be invoked by the syntax-directed editor on the selected operator.

To return to the syntax-directed editor, select Return to SDE from the Graph

Options menu.

To return to the syntax-directed editor without saving the changes from this

editing session, select Quit Without Saving from the Graph Options menu.

4. Operation of the Syntax-Directed Editor

The syntax-directed editor is still under construction as this manual is written,

thus it is not possible to document its operation at this point.
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Appendix C

L PROGRAMMER'S MANUAL

The Programmers Manual has a two-fold purpose. One is to provide more extensive

documentation on the inner workings of the menu shell and the graph editor for interested

readers. The other is to aid any poor soul tasked with maintaining them.

A. ENVIRONMENT

Each prototype is stored in its own subdirectory under the .caps subdirectory. Within

each prototype, each version of the prototype is stored in a subdirectory whose name is the

version number. For example, version 1.1 of the fishfarm prototype would be stored in the

~/.caps/fishfarm/1.1 subdirectory. Within each version directory are subdirectories for the

prototype files, Ada files, executable files, and temporary files. These subdirectories are

named prototype, ada, bin, and temp, respectively. CAPS '93 also automatically makes an

Ada library in the ada subdirectory.

B. GENERAL

1. Introduction

The code for this thesis is divided into four major blocks.

* Menu Shell
• Interface to Syntax-Directed Editor
* Graph Editor
* Testbed Syntax-Directed Editor

The menu shell and the graph editor are implemented in C++ using the Motif

toolkit for the reasons discussed in Chapter IV of this thesis. The interface routines are

implemented in C, because the syntax-directed editor is implemented in C, and it simplifies

the linkage process.
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The testbed syntax-directed editor provides driver functions for the interface

routines to allow them to be tested and debugged without depending on the presence of the

actual syntax-directed editor.

2. Inheritance

Although one of the major features of C++ is its use of inheritance, inheritance

benefits mainly the programmer, who can add new features to an existing block of code

merely by inheriting the old object and adding the new methods and instance variables. To

the person stuck with reading the code and trying to maintain it, inheritance effectively

takes the functionality of an object and scatters it out over multiple source files, with little

or no clue as to where a particular method or instance variable is actually defined.

For this reason the use of inheritance is limited in order to make the code easier

to read and maintain. This is the inheritance tree used in the graph editor:

GraphObject

OperatorObject StreamObject

Figure 23. Inheritance Tree for Graph Editor

The only inheritance used in the graph editor is to define a base class,

GraphObject, for the two graph object classes, OperatorObject and StreamObject. This

makes it possible for the graph editor to send messages to the objects being manipulated

without worrying about what type they are. This would also allow a new type of object to
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be inherited from GraphObject and added to the editor with minimal modification of

existing code.

3. Object-Oriented Methodology

C++ is a superset of C incorporating object-oriented features. A major advantage

of this approach is that it allows the programmer a certain amount of flexibility in how to

do things. In some object-oriented languages such as Smalltalk and Actor, every data item

in the language must be defined as an object and must have its place in the inheritance tree.

C++ allows the programmer to tailor the program design to the problem, using object

orientation where it makes sense, and avoiding it where it does not.

Even though the majority of the code for this thesis is in C++, functionally the

design is a hybrid between object orientation and more conventional design. The reason for

this is the structure of the Motif toolkit and X.

Application

User Interface

Other
Libraries

Operating System

Figure 24. Layers of X

Figure 24 [HELLER91; p. 18] graphically displays the structure of most X

programs. The X Window System implements low-level drawing primitives, along with the

network interface required to operate under the client-server model. Existing operating
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system functions are not duplicated. The Xt Intrinsics level adds support for widgets and

callbacks, once again without directly duplicating xlib or operating system functions. The

Motif library builds on the previous levels, implementing a number of convenient

abstractions for writing user interfaces, also without duplicating the lower-level functions

used for drawing graphics primitives, etc..

Motif depends heavily on the use of callback functions for the functioning of the

user interface. Each interface object, or widget in X terms, has a number of predefined

hooks where user defined functions are placed. For example, one of the responsibilities of

an X program is to keep its window properly drawn when portions are covered by other

windows and then exposed. The window manager lets the program know that it must

redraw itself by sending it a special message called an expose event. In a prograirm written

at the X level, the program would spend its time in a semi-infinite loop waiting for these

messages to arrive. The program would have to figure what type of event it had receiv,,J

and process it accordingly. This generally results in huge case or switch statements as the

program attempts to figure out exactly what type of event it has received.

In Motif, the programmer provides the window manager with the address of a

callback function to be called when a particular widget receives a particular event. In our

example, the programmer would register a callback function for the expose event that

would be called when the expose event was received. This function would probably just

redraw the widget.

Callback functions are grouped into predefined types and number of parameters.

Generally they have three formal parameters:

* a pointer to the widget where the event took place
* a pointer to user-defined data

a pointer to a callback structure

The callback structure contains varied information the function might need to

process the callback.
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This structure limits the way information may be passed. For example, a callback

for an expose event would likely redraw the widget. Several data items are necessary to do

this:

* a pointer to the data structure describing the physical display being used
* a graphics context describing the attributes to use when drawing
* a pointer to the window being drawn in.

It should also be noted that callback functions are not class methods in the

traditional sense, in that they are not functions assigned to a particular data object.

Given all the above, its certainly possible to force Motif into an object-oriented

structure. All the :uired graphics information could be bundled into one object and sent

as user-defined data. T"he callback function could determine which interface object

received the event and could call a method of the object involved. The only advantage

gained, however, is aesthetics, a certain purity of structure. The disadvantage is that the

code becomes more complicated and difficult to read.

In order to simplify the life of follow-on thesis students, I elected to let Motif be

Motif. All the data for windows, widgets, and graphics that must be used by multiple

callback functions are defined as global variables. Although the major data items used by

the program are defined as objects, integers are still integers and strings are still strings. The

graph editor is not defined as a separate object.

4. Debug Code

Examination of the source files in Appendix D reveals a considerable amount of

debug code that should not be present in a finished product. Which is why it is included. At

the time of this writing, many of the parts of CAPS '93 are still under construction,

especially the syntax-directed editor. A conscious decision was made to leave this code in

as a convenience to follow-on programmers. It can all be turned on by including the -

DGEDEBUG compiler switch, and turned off by not including it. The debug code prints
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the values of critical data items during program execution as well as prompts to show what

paths the execution took.

There are two functions used to display information about events sent and

received: eventlisO() and ideventO. Both are present in graph-editor.C and idceventO is

present in gelinterface.c. Although these functions aren't currently called, they are left in

for future use.

C. MODULE DESCRIPTION

As mentioned previously, the implementation part of this thesis can be divided into

four major areas: the menu shell, the interface between the syntax-directed editor and the

graph editor, the graph editor itself, and the testbed syntax-directed editor. This section

provides a description of each area.

1. Menu shell

The function of the menu shell is to tie the various CAPS tools together for the

user. It presents the various system options, logically grouped, and allows the user to

choose between them.

The source code for the menu shell is contained in the following source files:

shell.C, commandtable.h, commandtable.C, commandnode.h, and commandnode.C.

shell.C implements the main program, caps93. commandtable.h is the specification for the

CommandTable, an object that associates text tokens with Unix commands to be executed

by the appropriate menu options. The CommandTable is initialized from a text file,

allowing easy customization of actions the menus perform. commandtable.C is the

implementation of the CommandTable. commandnode.h is the specification for the

CommandNode object, which associates one token with a Unix command.

commandnode.C is the implementation of the CommandNode.

a. Implementation Details.

From a programmer's standpoint the menu shell creates and manages the

Motif widgets that provide the menu. Callback functions exist for the menu options, and
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proceed accordingly. When the shell is started, it first ensures that a .caps directory is

present in the users home directory. If not, it makes one. As the user selects new evolution

steps to work on, the shell creates the appropriate directories and allows the user to invoke

the desired tools.

The interface between the menu shell and the tools themselves is provided by

a CommandTable object. The CommandTable initializes itself by reading a text file that

associates certain menu options with Unix commands. These commands may be binary

executables, or they may be script files. The intent is to logically isolate the menu code from

the execution code in order to simplify maintenance. Ideally, this structure should allow

just the appropriate script files to be changed when certain tools are changed or updated,

without forcing a recompile of the program. Plus, it provides a certain amount of flexibility

to substitute different versions of the various tools for testing and evaluation purposes.

Currently the toollocation.txt file performs two functions. It contains the

command strings used to start the graph viewer and graph editor, and it associates string

tokens with Unix script files. The toollocation.txt file is kept in the same directory as the

syntax-directed editor for convenience. Once CAPS '93 is completed, it should be moved

to the /usr/local/caps/bin directory.

All the script files called by the CommandTable object are located in the ~/

bin directory, again for convenience during system development. They should eventually

be moved to the /usr/local/caps/bin directory also.

2. Interface to Syntax-Directed Editor

The graphic attributes maintained by the syntax-directed editor are defined as

global variables, and are maintained as a collection of atomic values and linked lists. The

interface mddule handles the interface between the syntax-directed editor and the graph

editor.

When the graph in the graph viewer is updated, or the graph editor is invoked, the

global data is written out to a text file. In the case of the graph viewer, the interface module
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sends an X event to the viewer notifying it that it must read the data file and update the

display. In the case of the graph editor, it reads this data when it starts up.

Communication between the syntax-directed editor and the graph viewer is one-

way. The graph viewer merely listens and doesn't talk.

Communication between the syntax-directed editor and the graph editor,

however, must be two-way. The graph editor is invoked in the foreground, and when it

terminates it writes output data to a separate text file. The interface routines read this file

and update the global data structure.

The file expected as input to the graph editor is gedatatransfde.txt, and it has the

following format:

• the text string "GE93DATAFILE"
• the current operator name
* the operator name font, x, and y values
* the text string "OPERATORS"
* data for each operator
* the text string "STREAMS"
* the data for each stream, including spline control points between

"SPLINE" and "SPLINEEND" strings
"ENDDATA" to signal the end of data

The output data from the graph editor is stored in the gedatatransfide2.txt file, and

follows the above format. After the "ENDDATA" string is the return code to be interpreted

by the interface routines linked into the syntax-directed editor. The return code is

determined by the menu option in the graph editor used to end the editing session. The

return code tells the interface routines whether the user meant to decompose to an operator

in the graph, view the parent operator of the current operator, ignore any changes made, or

update and continue working at the same kevel. This information is communicated to the

syntax-directed editor by setting two global variables. The first indicates whether or not a

level change is desired. If a downward level change is indicated, the second global variable

will be set to the name of the operator to decompose.
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As discussed above, the syntax-directed editor and the graph editor communicate

using text files. A slightly more efficient and possibly more elegant way would be to pass

the attributes in a root window property. The interface is implemented with text files vice

properties to ease debugging. It is relatively easy to use a text editor to examine the

incoming and outgoing data files to locate problems that would be much harder locate in

properties. The use of properties would be an advanced feature that should be investigated

when CAPS '93 is closer to completion.

The source code for the interface routines is contained in gejinterface.c

a. Implementation details.

ge-interface.c defines three functions used by the syntax-directed editor.

These are declared as external functions in the syntax-directed editor, and the script used

by the Cornell Synthesizer-Generator is modified to link in this additional object module.

refresho writes the global data to a file and then calls the sendeventO

function, which sends a message to the graph viewer telling it to update itself. This happens

in the following way.

When the graph viewer is first invoked, it saves the identifier for its display

window in a special X data area known as a property. Properties are included in X to

simplify inter-process communication. Each window has a property area, simply a block of

memory set aside for processes to use to share data. In X, when you cut and paste between

programs, the data involved is saved in a property to enable the transfer. A property is

essentially a collection of named mailboxes definable by the user. One process stores data

in a property with an assigned name, and another process may then request the data stored

under that name.

-Although all windows have properties, its often simpler to use the property

area for the root window, which is the parent for all the windows in the display, and

provides the background for the display. The window identifier for the root window is

available to all child windows using the macro call.RootWindowOfScreeno.
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The interface routine reads the graph viewer's window identifier and then'

saves a token describing the action the graph viewer is to perform, again as a property of

the root window. It then sends a special event known as a ClientMessage event to the

window identifier extracted from the property area. When the window manager receives

the ClientMessage event for the graph viewer, it invokes the callback function registered

by the graph viewer. This function reads the property data to determine what actions it

should take and acts accordingly.

The edit() function writes the global data to disk and then invokes the graph

editor using the Unix systemo command. The graph editor is executed in the foreground to

prevent the syntax-directed editor from modifying the same data the graph editor is using.

The graph editor terminates with a return code that tells the interface routine what to do

next. The return code indicates whether to (a) go up or down the structure of the current

diagram, (b) abandon any changes made in the editor, or (c) whether there were

irreconcilable errors. Based on the return code, the interface reads the output data file from

the graph editor and updates the global data structure used by the syntax-directed editor.

The killviewerO function is used to shut down the graph viewer. When the

syntax-directed editor is ready to stop running, it calls the kill_viewerO function, which

sends a ClientMessage event to the graph viewer in the same manner as in the refresho

function. When the graph viewer receives the event it retrieves the token from the property

area, which tells it to terminate. At this point it exits.

3. Graph Editor

The graph editor is a full-featured graphic editor/viewer that runs in two modes:

view mode, which allows no changes, and edit mode, which allows full editing. Although

it has two fMces, the graph editor is actually one executable module. A command-line

parameter determines whether it will execute as a viewer, allowing no editing, or an editor,

supporting full editing functions. For a complete description of the graph editor functions,

see Appendix B.
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The source code for the Graph Editor is contained in graph-editor.C.

a. Implementation Details.

For ease of reading, the term graph editor includes both editing and viewing

modes, unless otherwise specified.

The graph editor is composed of several objects used in the following

hierarchy. Note that this only shows what modules use other modules. It implies nothing

about inheritance.
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Figure 25. Graph Editor Structure Chart

The graph editor contains one major object, the GraphObjectList, which is a

collection of the data objects displayed on the graph. The data objects contain all the

specific attributes necessary to display themselves, and they are manipulated by calling

methods discussed below. The data objects draw themselves two places: a DrawingArea

widget, and on a pixmap. The DrawingArea widget is the drawing canvas actually
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displayed, while the pixmap is used to save the appearance of the drawing. When the

drawing window must be redrawn, the data in the pixmap is merely copied back onto the

DrawingArea widget.

Most of the drawing functions are accomplished or initiated in the draw()

function. This function is called any time an event happens in the drawing area. This is

enabled by registering draw() as a callback function in the keyboard mapping table. draw()

is called with a string parameter indicating what type of event occurred. draw() handles

presses and releases of the left mouse button, and movement of the mouse while holding

the left button down. It also responds to the backspace and delete keys.

The draw() function determines what event has taken place and responds

accordingly. For example, if the Operator Tool is engaged and a mouse button is pressed in

the drawing area, the draw() function creates a new operator, adds it to the

GraphObjectList, and instructs it to display itself. The drawO function handles everything

that affects the appearance of the graph, with the exception of drawing streams.

Due to performance considerations streams are drawn as follows. When the

stream tool is engaged and a mouse button is pressed in the drawing area, a separate

function is called that draws all the handles and interim appearance cues until the stream is

terminated in some way. At this point the stream is drawn and it returns.

If the draw() function were used to draw streams, it would be called every

time the mouse moved one pixel in any direction. It would have to erase the previous guide

line and draw a new one to provide visual feedback on the shape of the line. In practice this

proved to be too slow. The drawing of the guide lines lagged too far behind the movement

of the mouse pointer to be acceptable.

Now, when the drawstream0 function is called, it turns off events not

connected with stream drawing and manually monitors the event loop, bypassing the

overhead of the window manager.
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4. GraphObjectList

The GraphObjectList is a linked list of GraphObjects, which will be discussed in

detail below. Its main function is to act as a manager for the individual GraphObjects and

to encapsulate their functioning from the Graph Editor. For example, when the Graph

Editor wants to draw all the objects it calls the draw() method of the GraphObjectList,

which in turn calls the draw() method for each GraphObject. When the Graph Editor wants

to build the GraphObjectList from disk, it calls the buildo method of the GraphObjectList,

which repetitively creates new GraphObjects and instructs them to build themselves from

the input stream.

The GraphObjectList also provides methods to identify GraphObjects with

certain features. For example, hit(x, y) returns a pointer to a GraphObject whose image

contains the given coordinates.

Although the GraphObjectList has methods updating graphics characteristics

such as fonts, the main function of these methods is to pass this information onto the

GraphObject class, which also stores the information. The only thing that the

GraphObjectList actually draws is the title of the graph.

The source code for GraphObjectList is contained in graphobjectlist.h and

graph-object-list.C.

5. GraphObject

The GraphObject class is a base class for OperatorObjects and StreamObjects.

Using inheritance in this way allows the GraphObjectList and the Graph Editor to handle

GraphObjects without worrying about what kind they are. Plus, it allows for extensibility

in the future. A new type of graphical object could be defined, perhaps a TypeObject, and

it could be inherited from GraphObject. As long as all of the existing methods for a

GraphObject could be defined for a TypeObject, a minimal amount of change to existing

code would be required. Any function expecting a GraphObject actual parameter would

already accept a TypeObject.
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Most of the methods for a GraphObject are virtual, which means that a derived

class may substitute methods with the same name and formal parameters. The correct

method is selected at run time. An example is the draw() method. In both the

GraphObjectList ant the Graph Editor, the draw() method for an instance of GraphObject

is called, and depending on whether the object is an OperatorObject or a StreamObject, the

correct method is called. Suppose, as in the previous paragraph, a TypeObject were to be

subsequently defined, which also defined a draw() method. The Graph Editor and

GraphObjectList modules would execute using the TypeObjects draw() method, without

the need to be recompiled.

The source code for GraphObject is contained in graph-object.h and

graph-object.C.

a. Implementation Details

Although much of the GraphObject's implementation serves as a base class

for its child classes, it has some features of its own. All the graphic information necessary

for its child classes to draw themselves is contained in static class variables, and is

maintained by static class methods.

Although static is often used in C to make local variables persistent and for

scoping rules, it has another meaning in C++. When a variable is defined in a C++ class,

that variable normally has one occurrence per instance of the class. For example, each

instance of the OperatorObject has its own set of x and y coordinates. When a variable is

declared static, however, there is only one instance for the entire class, which all instances

of the class have access to. As part of the Graph Editor, there is only one DrawingArea and

pixmap on which the objects need to draw themselves, and only one graphics context for

each type of-drawing operation. Instead of repeating this information for each object, one

copy is maintained centrally for the GraphObject class and the instances of its descendants.
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To maintain the value of these static variables, static methods are required. In

the same way that static variables apply to an entire class, static methods are also used by

the entire class.

When a non-static C++ method is called, there is actually a hidden formal

parameter, which is a pointer to the instance of the class on which the method is to operate.

Static methods don't have this hidden parameter, so they will not act on any particular

instance of a class. Static methods can be used in this way to update static class variables,

or they can be used for operations that don't alter any of the variables of a particular class

instance. An example of this might be a routine that checked the system time or that

calculated a trigonometric function. In this case, static methods are used to maintain the

static graphics information.

It is worth noting that Motif callback functions must be defined as static also.

C++ performs strict type checking at compile time, and the hidden parameter of a non-static

callback function would prevent it from matching the callback function types used in Motif.

6. OperatorObject

The OperatorObject is derived from the GraphObject and implements the

required functionality for the graphic representation of a PSDL operator. It includes x-y

coordinates, color, size, text string location and font, and everything else needed to build

and maintain itself. It also has attributes indicating whether it is a standard operator or a

terminator, whether it is composite, or whether it has been deleted or not.

All the intelligence for the object is contained in the object to provide both

abstraction and encapsulation. OperatorObjects know how to build themselves from disk,

display themselves, and write themselves to disk. To determine whether an object was

selected or nbt, the OperatorObject provides a method to compare the x-y "hit" coordinates

with the location and dimensions of the object, and additionally the text strings associated

with it. If selected, the OperatorObject draws its own handles. To simplify locating the

beginning and ending points of streams, the OperatorObject provides an intercept point on

71



the circumference of the object, given a reference point the stream is drawn from.This

simplifies maintenance of the class, as well as simplifying the addition of new descendants

of GraphObject.

It should be noted that OperatorObjects are never actually deleted. There is a flag

in each object indicating whether it has been marked for deletion or not. When the deletion

flag is marked, the object is not displayed, but it is not removed from the GraphObjectList.

This allows the operator to be "undeleted" at a later date. Deleted objects may be physically

removed from the data structure by the syntax-directed editor, although not currently

implemented that way.

The source code for OperatorObject is contained in operator-object.h and

operatoriobject.C.

7. StreamObject

The StreamObject is derived from the GraphObject and implements the required

functionality to graphically represent a PSDL stream. In the same way as the

OperatorObject, it contains all the information necessary to determine its physical

appearance and whether its components have been selected or not.

a. Implementation

In addition to the attributes for deletion, etc., the StreamObject also maintains

pointers to the OperatorObjects connected to either end. In this way, streams automatically

connect to the operators they attach to, even when the operators move and resize. In the case

of an external stream, the appropriate identifier is set to 0, and the pointer is set to NULL.

This is not a particularly elegant scheme, because it violates the encapsulation

of the OperatorObject. The use of pointers means that extra care must be taken to ensure

that the operators on either end of the stream are always there or are not deleted. Otherwise

a segmentation fault results from trying to access the operator.

The connection is implemented this way for simplicity. It makes it rather easy

to call the OperatorObject's methods directly to find out its location, intercepts, etc..
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The appearance of the actual stream, less its text strings, is maintained by a

SplineObject, which also draws the arrowhead.

8. SplineObject

As streams in CAPS '93 are implemented as curved lines, a SplineObject is used

to maintain and display the physical appearance of the stream. Each stream is specified as

a collection of control points between operators. Using b-splines, the curves are drawn to

intersect the operators at their circumference. The SplineObject also draws the arrowhead

associated with the stream.

a. Implementation

In order to make the b-spline beg; q and end at the right point, extra control

points known as shadow points are defined. Normally, b-splines do not actually end on their

first and last control points. Shadow points are defined as invisible control points to make

the b-splines actually start and stop where the stream should intersect the operator. Shadow

points are not displayed on the graph, and they are not stored in the syntax-directed editor.

They are recalculated each time any of the control points in the stream or any connected

operators are moved.
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Figure 26. Shadow Points

In the case of a stream with an external beginning or end, the last control point

on the respective end is considered to be the intercept point, and the shadow points are

calculated accordingly.

If a stream is defined with no control points, which usually happens when a

stream is created in the syntax-directed editor, a control point is added at the midpoint of

the line connecting the centers of the operators.
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Control Point

Figure 27. Constructed Center Point

Once the control points are established, the real math begins.

The coordinates of each pixel displayed in a b-spline is calculated according

to the following formula:

P(t) = 1 0 30 P

4 1 4

where 0:< t: I1 and Pn is tie control point in [x y] format.

Each value of t is mapped to a pixel displayed on the graph, based on the four

control points used in the equation. The entire curve is generated by using successive sets

of four control points. For example, if there are six control points in the curve, the first

subcurve is generated using points 1, 2, 3, 4. The second uses 2, 3, 4, 5, and the final

subcurve uses 3, 4, 5, 6. As b-splines are continuous in the first and second derivatives at

the points where the subcurves meet, the entire curve is continuous [ZYDA90].

One challenge here is to use successive values of t that are close enough to

make a continuous graph, but not so close that an excessive number of calculations must be

made. The SplineObject determines the number of pixels that must be drawn by comparing

the distances between all the control points, and using the largest difference in x or y

coordinates between any two of the control points. At is the reciprocal of this number.
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To determine whether a b-spline was "hit" or not, the SplineObject uses a

rather simplistic method. It successively calculates points in the b-spline and checks to see

whether the point calculated is within a specified distance of the mouse click location. It

continues until a point is found within the specified distance or all the points have been

calculated.

9. FontTable

The FontTable serves as a lookup table for the fonts implemented in the Graph

Editor. Six fonts have been included for demonstration purposes, but any number of fonts

can be included. To add more fonts, determine the text identifiers of the fonts desired and

add them to the FontTable::init0 method, remembering to adjust the MAXFONTS constant

in resources.h, and to add new integer identifiers for each font in the same file.
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Appendix D

SOURCE CODE

77



Name: commandnode.h
Author: Capt Robert M. Dixon
Program: caps93
Date Modified: 19 Sep 92
Remarks: Specification for the CommandNode class. The

CommandNode is used by the CommandTable to associate
string tokens with Unix commands.

#ifndef COMMANDNODE_H
#define COMMANDNODEH 1

#include <stdio.h>
#include <stdlib.h>
#include "../ge/gedefs.h"

typedef int STATUS;

class CommandNode (
friend CommandTable;
protected:

char *option, *command;
public:

CommandNode() {option = NULL; command = NULL;);
-CommandNode() (free(option); free(command);1;
BOOLEAN build(FILE *infile);

#endif
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Name: command-node.C
Author: Capt Robert M. Dixon
Program: caps93
Date Modified: 19 Sep 93
Remarks: Implementation of the CommandNode class.

#include <string.h>
#include "command-node.h'

1/Builds a CommandNode from disk.

BOOLEAN CommandNode: :build(FILE *infile){
char bufferf INPUT_LINESIZE + 1];
int last-char~pos;
STATUS status = SUCCEEDED;

fscanf(infile, I%sff, buffer);
last-char~pos = strlen(buffer) - 1;
if(buffer[last~char~pos] == ''
buffer[last~char~pos] = NULL;

option = strdup(buffer);
fgets(buffer, INPUTLINESIZE, infile);
last-char-pos = strlen(buffer) - 1;
if(bufferflast~char~pos] == nl
buffer[last~char~pos] = NULL;

command = strdup(buffer);
if(ferror(infile)) (
printf ("Error building CommandTable node.\na);
clearerr(infile);
status = FAILED;

if (feof(infile))
status = FAILED;

return status;

79



Name: commandtable.h
Author: Capt Robert M. Dixon
Program: caps93
Date Modified: 19 Sep 92
Remarks: Specification for a CommandTable object. A

CommandTable associates a Unix command with a string
token. The <execute> method is called with a token as
a parameter, and it executes the command associated
with the token.

#ifndef COMMAND_TABLE_H
#define COMMANDTABLEH 1
#include <string.h>
#include "commandnode.h"
#define MAXCOMMANDS 100

typedef int STATUS;

class CommandTable
protected:

CommandNode commands[MAXCOMMANDS];
int lastcommandindex;

public:
void inito);
void execute(char *option, char *homedir,

char *prototype-name, char *prototype-ver);

#endif
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Name: command~table.C
Author: Capt Robert M. Dixon
Program: caps93
Date Modified: 19 Sep 92
Remarks: Implementation of the CommandTable class. The

CommandTable associates a string token with a Unix
command. The execute() method is called with a token,
causing the associated method to be executed.

#include *************************** *1dibh
#include <stdlib.h>

#include 'command-table.hl

#define COMMAND_-LINESIZE 150

.1 Initializes the command table from a text file.

void CommandTable::init()
FILE *infile;
STATUS status = SUCCEEDED;
mnt index = 0;

infile = fopen&'bin/tool-location.txt', Ort');
if(infile !=NULL) (
while(status == SUCCEEDED)(

status = comnmands[index] .build(infile);
index++;

last-command_index =index - 1;
fclose(infile);

else
printf('Unable to open tool location file.\nm);

/1Executes the command associated with the option string.
IIThe directories are passed to the method so that they can
IIbe passed to the command being executed.

void Command¶1able::execute(char *option, char *home dir,
char *prototype name,
char *prototype ver){

mnt index = 0;
char buffer[COMMANDLINE_SIZE];

if(last-coxmmand-index > 0)(
while(strcmp(option, commands[index].option) !=0)

index++;
if(index > last-command~index)(

cout << option << N: command not found.' << endl;
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return;

sprintf(buffer, I%s %s %s %s", commands~index].cozmmand,
home -dir, prototype-nam~e, prototype-ver);

systemn(buffer);

else
cout << "Command Table not available.' << endi;
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/ * *************************************************************

Name: shell.C
Author: Capt Robert M. Dixon
Program: caps93
Date Modified: 19 Sep 92
Remarks: shell.C is the main module for the caps93

program. It displays the CAPS '93 main menu and
executes appropriate entries in the command table for
selected menu options.

#include <stdlib.h>
#include <Xm/MainW.h>
#include <Xm/SelectioB.h>
#include <Xm/DrawingA.h>
#include <stream.h>
#include <Xm/Form.h>
#include <Xm/Xm.h>
#include <Xm/Label.h>
#include <sys/types.h>
#include <sys/stat.h>
#include <pwd.h>
#include <sysent.h>
#include <errno.h>
#include <dirent.h>
#include <Xm/List.h>
#include <Xm/RowColumn.h>
#include <Xm/CascadeB.h>
#include <Xm/PushBG.h>
#include Istrstack.h'
#include "commandtable.h'

// Unix system-defined variable to indicate which error occurred.
extern int errno;

typedef int BOOLEAN;

#define TRUE 1
#define FALSE 0
#define MAXDIRECTORIES 100
#define MAXLINESIZE 100

#define NEWSTEP 112
#define NEW_EXISTING 108
#define OPEN 69
#define SAVEFINAL 87
#define SUSPEND 67
#define ABANDON 84
#define CLOSE 109
#define QUIT 61
#define EDIT_PSDL 70
#define EDIT_ADA 86
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#define EDIT_INTERFACE 68
#define BROWSEDDB 88
#define BROWSESB 111
#define MAKE 113
#define TRANSLATE 65
#define COMPILE 92
#define EXECUTE 63
#define HELP 89
#define ALT 26

Widget mainwindow, newbutton, open-button, save-button,
closebutton, edit_button, run button;

char *home-dir, *prototype-name, *prototype-ver,
**directorie•, = NULL;

BOOLEAN dirset = FALSE, altkeyselected = FALSE;
CommandTable commandtable;
GC white_context, black_context;

// Checks for a -/.caps directory. If not found, makes one.
II Initializes the command table from the toollocation.txt file.

void init() {
struct passwd *user-pass;
int status;
modet fcmode = 0777;

userpass = getpwuid(getuid();
homedir = strdup(userpass->pwdir);
chdir(homedir);
status = chdir(".capsN);
if((status != 0) && (errno = ENOENT)) {

if (mkdir(V.caps", fc-mode) == -1)
perror("mkdir()");

chdir(home-dir);
prototypename = strdup("voidN);
prototypever = strdup("voidN);
commandtable.init();

II Destroys the widget

void widgetkiller(Widget widget, XtPointer, XtPointer) {

XtDestroyWidget(widget);
)

1/ Allows appropriate menu choices when a current step

II is not selected. Allows a step to be selected.

void set-step-state_false() C

XtSetSensitive(save-button, False);
XtSetSensitive(close_button, False);
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XtSetSensitive(edit...button, False);
XtSetSensitive(run..button, False);
XtSetSensitive(new-button, True);
XtSetSensitive(open-button, True);

// Allows appropriate menu choices when a current step is
//selected.

void set-step-state_true()

XtSetSensitive(savebutton, True);
XtSetSensitive(close~button, True);
XtSetgensitive(edit..button, True);
XtSetSensitive(run-button, True);
XtSetSensitive(new...button, False);
XtSetSensitive(open...button, False);

II Gets a new prototype name entered in a dialog box and
IImakes a subdirectory for it. Also makes a directory for
IIthe new step. Executes a script to make required new
/1directories in step subdirectories.

static void get-proto~cb(Widget widget, XtPointer,
XtPointer cbs)(

XmSelectionBoxCallbackStruct *temp-ptr;
char *text;
mode-t fc-mode = 0777;

temp..ptr = (XmSelectionBoxCallbackStruct *) cbs;
XmStringGetLtoR (temp...ptr->value, XmSTRINGDEFAULT_CHARSET,

&text);
XtDestroyWidget (widget);
prototype-.name =strdup(text);

prototype-ver =strdup(O1.1m);

chdir(home..dir);
chdir(".caps");
if Cmkdir(prototype-naxne, fc-Mjode) ==-1)

perror ( mkdir U");
chdir (prototype~naine);
if (mkdir(prototype...ver, fc..mode) == -1)
perror(C"mkdir U");

else
chdir (prototype...ver);
command-table.execute(Imake-dirso, home_dir, prototype-.namne,

prototype..ver);

chdir(home~dir);
set-step..state~true U;
free (text);

ii Compiles a list of subdirectories in the given
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IIdirectory, and returns the list to the caller.

char** read_directory(char *directory)(
char "*directories

(char **) malloc(MAXDIRECTORIES *sizeof(char *)
DIR *dirp;
struct dirent *entry;
struct stat buf;
char fnaxne[130];
char *searchdir;
strlist list;
int i = 0, index = 0;

searchdir = strdup(directory);
dirp = opendir~searchdir);
if(dirp NULL) (

entry =readdir(dirp);
while~entry !=NULL) (

if((strcmp(entry->d name, '.) 0)
&& (strcmp(entry->d-naxne, ~' ~ =0))

sprintf(fname, '%s/%so, searchdir, entry->d namne);
if(!stat(fname, &buf))

if(buf.st-mode & SIFDIR)(
//Adds the entry to the alphabetized list

list .add(entry->d-name);

entry = readdir(dirp);

index = 0;

while(list.notemptyo)
directories(index] = list.removeo;
index++;

closedir(dirp);
directories~index] = NULL;

#ifdef GEDEBUG

for(i = 0; i < index; i++)
printf('%s\n', directories[i]);

#endif

free(searchdir);
return directories;

II Appends two strings together, allocating adequate memory

IIfor the longer string.
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char *cat-strings(char *strl, char* str2)(
char *new-string;

new-string =(char *) malloc((strlen(strl) + strlen(str2) + 1)

* sizeof (char));

strcpy(new-string, stri);
strcat~newstring, str2);
return new-string;

// Called when a step name is selected from the open menu.
IIUpdates global variables to indicate which step is the curre.-it
//one.

static void stepjlist~cb(Widget widget, XtPointer,
XtPointer cb-struct-ptr)

XmListCallbackStruct *list-struct~ptr
(XmListCallback-Struct *) cb structpr

mnt dir-selectec' = list-struct~ptr->item~position, index;
char *temp-name, *tamp__ver;

XtDestroyWidget (widget);
if(strcmp(directories[dir~selected - 1], "Cancel') !=Q)
temp-name = strdup(directories[dir_selected - 1]);
index = strlen(temp-name) - 1;
while(tempjnainefindexJ

index--;
index--;
while(temp~name[indexJ !

index--;

IIStrips off version/variation number

temp-name~index] = NULL;
prototype-name = strdup(temp~name);
tempver = &(temp~name(index + 1]);
prototype-ver = strdup(temp~ver);

#ifdef GEDEBUG
cout << prototype-name << << prototype-ver << endl;

#endif

set-step-state_true o;
free(tempL~name);

II If the Open option is selected, presents a list of steps
IIfor che user to select from.

void get~open-choice(char *directory){
char **temp-directories, **temp _versions,
search~directory(MAXLINESIZE], temp~string'LMALINESIZE];
mnt indexl = 0, index2 = 0, index3 = 0, i;
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XmStringTable step~list;
Widget list-box;

if(directories !=NULL)
while(directories~indexl] !=NULL)(

free (directories~indexl]);
indexl++;

free((char *) directories);
indexi = 0;

directories=
(char **) malloc(MAXDIRECTORIES * sizeof(char );

temp~directories = read_directory(directory);
while(temp-directories~index2] != NULL) {

sprintf (search Idirectory, O%s/%s"f, directory,
temp-directories~index2]);

temp :versions = read-directory(search directory);
sprintf (temp~string, I%s. 1, temp~directories[index2J);
free(tempdcirectorieslindex2]);
while(temp~versions(index3J ! NULL)(

directories [indexi] = cat~strings (temp~string,
temp~versions~index3]);

free(temp--versions~index3J);
indexl++;
index3++;

index3 = 0;
index2++;
free((char *) tempversions);

free((char *) tempdirectories);

IIAdds the OCancell option to list

directories tindexi] = strdup("Cancell);
indexl++;
stepjlist = (XmStringTable)
IXtMalloc (MAXDIRECTORIES * sizeof (XmString *)

i = 0;
directories[indexl] =NULL;
for(i = 0; i < indexi; i++)

step..list (i] = XmStringCreateSimple(directories [i]);

list-box =XmCreateScrolledList(main...window, 'Stepsm', NULL,
0);

XtVaSetValues (list~box,
XznNitems, step~list,
XmNitemCount, indexi,
XmNvisibleltemCount, 10,
NULL);

for(i = 0; i < indexi; i++)
XmStringFree(step~list(ij);

XtFree((char *) step~list);
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XtAddCallback Clist-box, XmNdefaultActionCallback,
stepjlist~cb, NULL);

XtManageChild(list-box);

1*Handles step menu choices, either from menu or alt-key
combination.

void handle-step-cb(int itemL_no)(
char *open-choice = NULL;

switch(item no)(
case 1:

get~open~choice C'. caps'f);
II free(open_choice);
break;

case 3:
se"tstep-state_false 0;
break;

case 4:
exit (0)
break;

1* Callback function for the step menu. *

static void step-cb(Widget, XtPointer client_data, XtPointer)
mnt item,-no =(int) client-data;

handle~step~cb( itemno);

/*Handles step menu choices, either from the menu or from an
alt-key combination.

void handle-new..step....cb(int itexr~no)
Widget dialog;
XmString t;
Arg args[3];

switch(iteifnno)
case 0:
t =.XmStringCreateSimple ('Enter Prototype Name:');
XtSetArg(args [0], XmNselectionLabelString, t);
XtSetArg (args [11, XmNautoUnxnanage, False);
XtSetArg(args[2], XmNuserData, 0);
dialog = XmCreatePromptDialog(main window, 'New Options',

args, 3);
XmStringFree(t);
XtAddCalliback (dialog, XmNokCallback, get~proto-cb, NULL);
XtAddCallback (dialog, XmNcancelCallback, widgetjdiller,
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NULL);
XtUnxnanageChild (XmSelectionBoxGetChild (dialog,

XmDIALOGý_HELP_BU¶ITON));
XtManageChild (dialog);
XtPopup(XtParent (dialog), XtGrabNone);
// XmProcessTraversal (drawing~a, XxnTRAVERSE_CURRENT);
break;

case 1:
command_table. execute ('new froniexisting', home dir,

prototype-namne, prototype-ver);
set-step-state-true U;
break;

/* Callback function when New Step is selected. *

static void new-step-cb(Widget, XtPointer client-data,
XtPointer)

mnt itemqno = (int) client~data;

handle_newstep-cb (item-no);

/*Handles edit menu choices from either the menu or alt-key
combination.

void handle-edit-cb(int itemrLno)

switch(iteM no)(
case 0:

command_table. execute ('edit-psdl', home~dir,
prototype-n.famie, prototype-ver);

break;
case 1:

command_table .execute ('edit__ada', homedir,
prototype-niame, prototype-ver);

break;
case 2:

command-table.execute('edit-interface', home-dir,
prototype-.name, prototype-ver);

break;
default:

break;

/*Callback invoked by the window manager when the Edit option
is chosen.

static void edit-cb(Widget, XtPointer client..data, XtPointer)(
mnt item-no = (int) client...data;
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handle-edit-cb(item-no);

/*Handles menu choices from the browse menu, either from the
menu or from alt-key combinations.

void handle-browse~cb(int item...no)(

swite±(itg'm_7no) (
case 0:

command-table. execute(C browse-ddb", home~dir,
prototype-name, prototype-ver);

break;
case 1:

command-table.execute('browse~sb", home-dir,
prototype-namne, prototype__ver);

break;
default:

break;

/*Callback for the Browse option.

static void browse-cb(Widget, XtPointer client__data,
XtPointer)

mnt item-no = (int) client-data;

hand le-browse cb (itemrno);

/*Handles menu choices from either the run menu or from
appropriate alt-key combinations.

void handle_run cb(int item-no)(

switch(item no)(
case 0:

commnand-table. execute ('make"f, homeadir,
prototype~name, prototype~ver);

break;
case 1:

command-table.execute( 'translate", home_dir,
prototype-name, prototype-ver);

break;
case 2:

command_table. execute ("compile"f, home -dir,
prototype~name, prototype-ver);

break;
case 3:
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command_table.execute("execute", home dir,
prototype-name, prototype-ver);

break;
default:

break;
}

/* Run menu callback.
*/

static void runcb(Widget, XtPointer client_data, XtPointer) {
int item-no = (int) clientdata;

handlerun cb(item-no);
I

/* Handles choices for the help menu, either from the top
line menu or from alt-key combinations.

*/

void handle-help-cb(int itemno) (

switch(item no)
case 0:

cout << "help selected" << endl;
break;

case 1:
cout << "about selected" << endl;
break;

default:
break;

)

/* Callback for the Help menu option.
*/

static void helpcb(Widget, XtPointer client_data, XtPointer) (
int item-no = (int) clientdata;

handle_helpcb(item-no);
I

/* Handles choices for the step save option, either from the
top-line menu or from alt-key combinations.

*/

void handlesavecb(int itemno) {

switch(item no)
case 0:

commandtable.execute("save-final", homedir,
prototypename, prototype.ver);
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break;
case 1:

command-table.executeC"suspend', home_dir,
prototype~name, prototype-ver);

break;
case 2:

command-table.execute("abandon", home_dir,
prototype name, prototype-ver);

break;
default:

break;

/*Callback for the Step Save menu option.

static void save-cb(Widget, XtPointer client_data, XtPointer)(
mnt item-no = (int) client-data;

handle-save-cb(item no);

//Draws the string in the main window.

void draw logo(Widget widget){
XFontStruct *font~ptr;
Display *display-ptr = XtDisplay(widget);
Window window = XtWindow(widget);

XFillRectangle(display~ptr, window, white_context, 0, 0,
4000, 2500);

font~ptr = XLoadQueryFont (display~ptr,
"*adobe-times-bold-r*240*);

XSetFont(display-ptr, black-context, font~ptr->fid);
XDrawString(display-ptr, window, black-context, 50,

50, 'Computer", strlen("Computer"));
XDrawString(display~ptr, window, black-context, 50,

75, 'Aided', strlen("Aidedl));
XDrawString(display~ptr, window, black-Context, 50,

100, "Prototyping', strlen("Prototyping"));
XDrawString(display-ptr, window, black-context, 50,

1125, "System', Strlen('Systemff));

free((char *) font~ptr);

IIRedraws the drawing window when it is resized or exposed.

void redraw(Widget widget, XtPointer , XtPointer cbs){
XmDrawingAreaCal lbackStruct *temp-ptr;

temp-ptr = (XmDrawingAreaCallbackStruct *) cbs;
drawjlogo (widget);
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II Creates the top-line menu bar.

void build-menu-bar(Widget &main-w, Widget &rnenubar)(
XxnString new-step, open, ddb, sb, about, close, save, psdl,

ada, interface, make, translate, compile, execute, quit,
browse, step, edit, run, help, new~proto, existing,
save_final, suspend, abandon;

Widget widget, stepmpenu, quit-button,
new~proto-button, new exist__button, new~menu, savejrMenu,
save-final-button, suspend button, abandon-button,
edit__menu, psdlbutton, ada-button, interface-button,
browse-menu, browse-button, ddb-button, sb-button, runjnenu,
make-button, translate-button, compilebutton,
execute-button, help-mnenu, helpl-button, help2-button,
about-button;

step = XmStringCreateSimple("Step");
edit = XmStringCreateSimple("Edit");
browse =XmStringCreateSimple(OBrowse4);
run =XmStringCreateSimple("Run');

help =XmStringCreateSimple("Help');

quit =XmStringCreateSimple('Quit');

new-step = XmStringCreateSimple(ONewO);
open =XmStringCreateSimple("Open");
ddb XmStringCreatesimple(ODesign Data Base");
sb =XmStringCreateSimple('Software Base');
about = XmStringCreateSimple('About CAPS"f);
help =XmStringCreateSimple(NCAPS Help");
close = XmStringCreateSimple("Close");
save = XmStringCreateSimple(m'Save to DDBO);
psdl = XmStringCreateSimple("PSDL");
ada = XmStringCreateSimple(NAdam);
interface = XmStringCreateSimple("Interface");
make- = XmStringCreateSimple ("Make");
translate = XmStringCreateSimple("Translate");
compile = XmStringCreateSimple("Compile");
execute = XmStringCreateSimple("E-xecute");
quit =XmStringCreateSimple("Quit');
new-proto = XmStringCreateSirnple("New Prototype"f);
existing =XmStringCreateSimple(*From Existing Prototype");
save-final =I
XmStringCreateSimple(OSave Approved Final Version"f);

suspend
XmStringCreateSimple('Suspend Step, May Restart Later");

abandon
XmStringCreateSimple(*Abandon Step, No Further Work"f);

menubar = XrnCreateMenuBar(main-w, Imenubarl, NULL, 0);
stepjnenu =
XmCreatePulldowriMenu(menubar, Tmstepmenu", NULL, 0);

XtVaCreateManagedWidget ("Step" , xmCascadeButtonWidgetClass,
menubar, XmNlabelgtring, step,
XnNsubMenuld, step~menu,
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NULL);

new-menu = XmCreatePulldownMenu(step-menu, "new-menu", NULL,

0);
new-button = XtVaCreateManagedWidget("New",

xrnCascadeButtonWidgetC lass,
step menu,

XmNlabelString, new-step,
XmNsubMenuld, new-menu,

NULL);

new proto-but ton = XtVaCreateManagedWidget ("new~proto",

xmPtushButtonGadgetC lass,

new -menu, NULL);
XtVa~etValues (new-proto-button, XrnNlabelString, new~proto,

XmNrnnemonic, 'N', NULL);

new-exist-button = XtVaCreateManagedWidgetC"new-exist",
xmPushButtonGadgetClass, newjnmenu, NULL);

XtVaSetValues (new-exist-button, XmNlabelString, existing,

XrnNinemonic, 'x', NULL);

XtAddCallback(new~proto-button, XmNactivateCallback,
new-step~cb, (XtPointer) 0);

XtAddCallback (new exist-button, XmNactivateCallback,

new-step~cb, (XtPointer) 1);

open-button = XtVaCreateManagedWidget("Open",
xmPushButtonGadgetl~lass,
step~jnenu, NULL);

save-mnenu = XmCreatePulldownMenu(stepjnenu, "step-menu", NULL,

0);

save-button = XtVaCreateManagedWidget("Save",

xmCascadeButtonWidgetClass,
step~jnenu,
XmNlabelString, save,

XmNsubMenuld, save-menu,

NULL);

save-final-button = XtVaCreateManagedWidget ("save-final",
xmPushButtonGadgetClass,

save--menu, NULL);

suspend-button = XtVaCreateManagedWidget ("suspend",

xmPushButtonGadgetClass,

save-menu, NULL);

abandon-button = XtVaCreateManagedWidget(C"abandon',
xmPushButtonGadgetC lass,

save-menu, NULL);

XuVaSetValues(save-final-button, XmNlabelString, save-final,
XmNmnemonic, 'S', NULL);

XtVaSetValues (suspend-button, XmNlabelString, suspend,

XmNmnemonic, 'u', NULL);

XtVaSetValues (abandon_button, XmNlabelString, abandon,

XmNinnemonic, 'A', NULL);

XtAddCallback(save_final-button, XmNactivateCallback,
save~cb, (XtPointer) 0);

XtAddCcalibaz7k(suspend-button, XmflactivateCallback, save_cb,

(XtPointer) 1);
XtAddCallback(abandon_button, XmNactivateCallback, save-cb,

(XtPointer) 2);
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close-button = XtVaCreateManagedWidget (Close',
xxnPushButtonGadgetClass,

step~menu, NULL);
quit-button = XtVaCreateManagedwidget ("Quit",

xmPushButtonGadgetClass,
step-mnenu, NULL);

XtVaSetValues (open-button, XmNmnemonic, '0', NULL);
XtVaSetValues(close_button, XinNmnemonic, 'C', NULL);
XtVaSetValues(quit-button, XxnNmnemonic, 'Q', NULL);

XtAddCallback (open~button, XmNactivateCallback, step cb,
(XtPointer) 1);

XtAddCallback(close_button, XmNactivateCallback, step~cb,
(XtPointer) 3);

XtAddCallback (quit_button, XmNactivateCallback, step cb,
(XtPointer) 4);

edit-menu = XmCreatePulldownLMenu(menubar, "editmenu", NULL,
0);

edit-button =XtVaCreateManagedWidget("EditN,

3amCascadeButtonWidgetClass,
menubar,
XmNlabelString, edit,
XmNsubMenuld, edit-menu,
NULL);

psdl button =XtVaCreateManagedWidget (NPSDLO,
xmPushButtonGadgetClass,
edit-menu,
XmNJlabelString, psdJ.,
XmNmnemonic, 'P', NULL);

ada button =XtVaCreateManagedWidget(,Ada",
xmPushButtonGadgetClass,

edit-menu,
XmNlabelString, ada.,
XmNmnemonic, 'd', NULL);

interface-button =XtVaCreateManagedWidget ("Interface",
xmPushButtonGadgetC lass,

edit-menau,
XmNlabelString,
interface,
X~mNmnemonic, 'I',
NULL);

XtAddCallback(psdl_button, XmNactivateCallback, edit_cb,
(XtPointer) 0);

XtAddCallback (ada-button, XmNactivateCallback, edit~cb,
(XtPointer) 1);

XtAddCallback Cinterface-button, XmNactivateCallback, edit~cb,
(XtPointer) 2);

browse-menu = XmCreatePulldownMenu(menubar, 'browse_menu",
NULL, 0);

browse-button = XtVaCreateManagedWidget ("Browse",
xmCascauekuttonWidgetClass,
menubar,
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XmNlabelString, browse,

XmNsubMenuld,

browse-menu,
NULL);

didb button =XtVaCrcateManagedWidget("DDB',
xmPushButtonGadgetClass,

browse-menu,

XmNlabelString, ddb,
XmNmnemonic, 'g', NULL);

sb-button =XtVaCreateManagedWidget('SB",
xmPushButtonGadgetClass,

browse-menu,
XmNlabelString, sb,
XxnNmnemonic, 'B', NULL);

XtAdcidallback(ddb button, XmNactivateCallback, browse-cb,

(XtPointer) 0);
XtP~d-JCallback(sb button, XxnNactivateCallback, browse_cb,

(XtPointer) 1);

run-menu = XmCreatePulldowniMenu(menubar, 'run-menu", NULL, 0);

run-button = XtVaCreateManagedWidget("Run',
xmCascadeButtonWidgetClass,

menubar,
XmNlabelString, run,

XmNsubMenu Id, run-menu,

NULL);

make-button = XtVaCreateManagedWidget('Make',
xmPushButtonGadgetClass,

run-menu,
XmNlabelString, make,
XmrNmnemonic, 'MI, NULL);

translate-button = XtVaCreateManagedWidget (Translate",
xmPushButtonGadgetClass, run-menu,

XmNlabelString, translate,

XmNmnenionic, IT', NULL);

compile-button = XtVaCreateManagedWidget (Compile",
xmPushButtonGadgetClass,

run-menu,
XmNlabelString, compile,

XmNmriemonic, '1P, NULL);

execute-button = XtVaCreateManagedWidget(~'ExecuteI

xmPushButtanGadgetC lass,
run-menu,

XmNlabelString, execute,
XmNmnemonic, 'E', NULL);

XtAddCallback (make-button, XmNactivateCallback, run-cb,

(XtPointer) 0);
XtAddCallback(translate_button, XmNactivateCallback, run cb,

(XtPointer) 1);
XtAddCallback(compile_button, XmNactivateCallback, run~cb,

(XtPointer) 2);
XtAddCallback (execute_button, XmNactivateCallback, run cb,

(XtPointer) 3);
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help-menu = XmCreate'DulldownMenu(menubar, mhelpMenul, NULL,
0);

helpl-button =XtVaCreateManagedWidget (Help',
xmCascadeButtonWidgetClass,

menubar,
XmNlabelString, help,
XrnNsubMenu Id, helpmpenu,

- NULL);
help2-button =XtVaCreateManagedWidget ("Help-but',

xmPushButtonGadgetClass,
hel1p-menu,
XmNlabelString, help,
XmrNnmnemonic, 'H', NULL);

about-button = XtVaCreateManagedWidget("AboutN,
xnmPushButtonGadgetClass,
he 1p~menu,
XmNlabelString, about,
NULL);

XtAddCallback (help2_button, XxnNactivateCallback, help~cb,
(XtPointer) 0);

XtAddCallback iabout_button, XmNactivateCallback, help~cb,
(XtPointer) 1);

if(widget = XtNaineToWidget(menubar, 'Help'))
XtVaSetValues(menubar, XrnNnenuHelpWidget, widget, NULL);

XmStringFree (new-step);
XnmStringFree(open);
XmStringFree (ddb);
XmStringFree(sb);
XmStringFree(about);
XinStringFree (help);
XmStringFree (close);
XmgtringFree(psdl);
XmStringFree(ada);
XrnStringFree (interface);
XrnStringFree(make);
XniStringFree(translate);
XxnStringFree(compile);
XxnStringFree (execute);
XmStringFree(quit);
XmStringFree (save);
XznStringFree(edit);
XxnStringFre~e(browse);
XmStringFree (run);
XmStlingFree(quit);
XxnStringFree(help);
XmStringFree (new~proto);
XmStringFree(existing);
XmStringFree (save-final);
XrnStringFree (suspend);
XmStringFree (abandon);
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Handles the keyboard accelerators.

vJid draw(Widget, XEvent *event, String *args, Cardinal *)

ifvstrcwp(args[0], "key") =- 0)
it altkeyselected) (

altkeyselected = FALSE;
switch(event->xkey.keycode)
case NEW_STEP:

handlenewstep-cb(0);
break;

case NEW-EXISTING:

hmnd!=_new-step-cb(i);
break;

case OPEN:

handle step cb(1);
break;

case SAVE-FINAL:

handle_save_cb(0);
break;

case SUSPEND:

handlesave_cb(l);
break;

case ABANDON:
handle-save_cb(2);
break;

case CLOSE:
handle-step-cb(3);
Lreak;

case QUIT:
handle step cb(4);
break;

case EDITPSDL:
handle_edit_cb(0);
break;

case EDIT-ADA:

handle_edit_cb(l);
break;

case EDITINTERFACE:
handleedit_cb(2);
break;

case BROWSE_DDB:
handlbbrowse-cb(0);
break;

case BROWSESB:

handlebrowse-cb(l);
break;

case MAKE:

handleruncb(O);
break;

case TRANSLATE:

handleruncb(l);
break;
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case COMPILE:
handle-run-cb (2);
break;

case EXECUTE:
handle-run-cb (3);
break;

case HELP:
handle_help-cb(O);-
break;

case ALT:
alt-key-selected =TRUE;
break;

default:
cout << event->xkey.keycode << endi;
break;

else
if(event->xkey.keycode == ALT)
alt key~selected =TRUE;

int main(unsigned int argc, char **argv)(
Wsidget toplevel, menubar, main~w, drawing--a;
XtAppContext app;
Screen *screen~ptr;
Display *display~ptr;
XGCValues gcv;
unsigned long gc....ask;
XtActionsRec actions;
String translations =

N<Key>: draw(key) \n\
<Key>Tab: draw(tab)';

toplevel = XtVaApplnitialize(&app, "CAPSMenum, NULL, 0,
&argc, argv,
NULL, NULL);

main-w =XtVaCreateManagedWidget("main-w', xxnFormWidgetClass,
toplevel, NULL);

inito;
main-window = main-w;
build~menubar(main~w, menubar);
XtManageChild (menubar);
set_step...state~false 0;
drawing-a =XtVaCreateManagedWidget (drawing-.a"f,

xmDrawingAreaWidgetClass,
ma inw,

XmNunitType, XmlOOOTH_INCHES,
XmNwidth, 4000,
XmNheight, 2500,
XmNresizePolicy, XmNONE,
NULL);
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XtVaSetValues (drawing~a, XmNtianslations,
XtParseTranslaticnTable (translations));

XtVaSetValues~menubar, XxnNtopAttachinent, XmATTACHFORM,
XmNrightAttachxnent, XmATTACH -FORM,
XmNleftAttachinent, XITATTACHFORM,
XmNbottornAttachment, XmATTACH-NONE,
NULL);

XtVaSetValues (drawinga_.,a- XmNtopAttachment, XmATTACHWIDGET,
XmNtopWidget, menubar,
XmNrightAttachment, XxnATTACHFORM,
XmNleftAttachment, XmAFI'ACHFO~dI4,
XmNbottomAttachxnent, XmATTACH_FORM,
NULL);

XtVaSetValues~drawing-a, XmNunitType, XmPIXELS, NULL);
XtAddCallback Cdrawing-a, XmNexposeCallback, redraw, NULL);
screen-ptr =XtScreen(toplevel);

display-ptr =XtDisplay(toplevel);

gcv. foreground = BlackPixelOfScreen (XtScreen (topleve'l));
gcv.background = WhitePixelOfSct-een(XtScreen(toplevel));
gc-mask = GCForeground I GCBackground;
black-context = XCreateGC(display~ptr,

RootWindowofScreen (screen~ptr),
gc-mask, &gcv);

gcv.foreground = WhitePixelOfScreen(XtScreen(toplevel));
white-context = XCreateGC(display-ptr,

RootWindowOfScreen (screen~ptr),
gc-mask, &gcv);

XtVaSetValues~toplevel, XmNtitle, 'CAPS 93', NULL);
actions.string = "drawo;
actions.proc = draw;
XtAppAddActions(app, &actions, 1);

XtRealizeWidget (toplevel);
drawjlogo (drawing~a);
XFlush(display~ptr);
cout << "\n\n" << endl;
XjmProcessTraversal (menubar, XXUTRAVERSECURRENT);
XtAppMainLoop (app);
return 0;
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/ * ********W*****************************************************

Name: strstack.h
Author: Capt Robert M. Dixon
Program: caps93
Date Modified: 19 Sep 92
Remarks: Implements a stack and linked list for storing

strings.

#ifndef _strstack_h
#define _strstack_h

#include <string.h>

enum boolean (false, true);

class strstack;

class strnode (

protected:
char *str;
strnode *next;

public:
strnode(char *);

-strnode();
void link(strnode *nextnode) (next = nextnode;);
void unlink() (next = NULL;);
friend class strstack;
friend class strlist;

class strstack (

strnode *head;
public:

strstack() (head = NULL;);
-strstack() (delete head;);
void push(char *newstring);
char *pop(;
const char *top() (return head->str;);
boolean notempty();

class strlist (

strnode *head;
public:

strlist() (head = NULL;);
-strlist() (delete head;);
void add(char *newstring);
char *remove(;
boolean notempty(;
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#endif
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Name: strstack.C
Author: Capt Robert M. Dixon
Program: caps93
Date Modified: 19 Sep 92
Remarks: Implements a stack and linked list for strings.

The list is stored-in reverse alphabetical order so that
when it is later pushed on a stack it will be in the
correct order on the stack. These classes are
specifically for directory traversals.

#include Istrstack.h'

strnode::strnode(char *newstring)

str = new char[strlen(newstring) + 1];
strcpy(str, newstring);
next = NULL;

strnode::-strnode() o

delete str;
delete next;

void strstack::push(char *newstring) (
strnode *newnode = new strnode(newstring);

newnode->link(head);
head = newnode;

)

char *strstack::pop() (
strnode *topnode = head;

if(notempty() (
char *outstring = new char[strlen(head->str) + 1];
strcpy(outstring, head->str);
head = head->next;
topnode->unlinko;
delete topnode;
return outstring;

II Returns true if the stack is not empty.

boolean strstack::notempty()

if(head != NULL)
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return true;
else

return false;

II Adds a new node to the linked list. Stores in reverse
//alphabetical order.

void strlist::add(char *newstring)(
strnode *newnode = new strnode(newstring);
strnode *prev, *curr;

if(notemptyo)
if(strcmp(head->str, newnode->str) > 0)
newnode->link(head);
head = newnode;

else(
prey = head;
curr = head->next;
while(curr != NULL)(

if(strcmp(curr->str, newnode->str) > 0)
break;

prey = curr;
curr = curr->next;

newnode->link(curr);
prev->link(newnode);

else
head = newnode;

/1 Removes the top node and returns the string.

char *strlist::remove() (
char *outstring =new char~strlen(head->str) + 1];
strnode *topnode =head;

strcpy(outstring, head->str);
head = head->next;
topnode->unlinko;
delete topriode;
return outstring;

II Returns TRUE if the list is not empty.

boolean strlist::notempty()

if (head != NULL)
return true;

else
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return false;
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Name: extern.h
Author: Capt Robert M. Dixon
Program: sde
Date Modified: 12 Sep 92
Remarks: Provides the external variable declarations for

the syntax-directed editor and the interface
routines.

Originally created by Professor Valdis Berzins and
modified by Professor Fernando Naveda and Capt Robert
M. Dixon.

************************************************************** */

#ifndef EXTERN_H
#define EXTERNH 1

#include "sde-ge.h*

extern OPNodePTR the-operatorlist;
extern STPTR thestreamnlist;
extern HeadPtr prototype;
extern HeadPtr current-graph;
extern int op-id count;
extern int levelchange-direction;
extern char *goto child;

#endif
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Name: fonttable.h
Author: Capt Robert M. Dixon
Program: grapheditor
Date Modified: 12 Sep 92
Remarks: Specification for the FontTable object.

The FontTable contains all the necessary information
about the fonts used in the graph editor, allowing
the program to refer to them by a font id#.

It initializes with six predefined font names,
although more could easily be added.

#ifndef FONTTABLE_H
#define FONTTABLEH 1

#include <stdlib.h>
#include <Xll/Xlib.h>
#include <Xll/Intrinsic.h>
#include <Xm/MessageB.h>
#include <string.h>
#include 'ge_defs.h'

struct _fontrecord (
char *_nameptr;
XFontStruct *_fontptr;
int -height;

class FontTable (
private:

struct _font_record _fonttable[MAXFONTS + 1];
static Widget _errortgt;

public:
static void seterrortgt(Widget widget) (_errortgt = widget;)
static void errorbox(char *error-message);

FontTable();
-FontTable();
void init(Visplay *display-ptr);
int width(int fontid, char *instring);
int height(int font_id);
Font fontid(int font id);
char *fontname(int fontid);

);

#endif
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Name:
Author: Capt Robert M. Dixon
Program:
Date Modified:
Remarks: Implementation of the FontTable object.

The FontTable contains all the necessary information
about the fonts used in the graph editor, allowing
the program to refer to them by a font id#.

It initializes with six predefined font names,
although more could easily be added.

Credits: Portions of code are adapted from the following:

Heller, Dan, Motif Programming Manual, O'Reilly and
Associates, 1991.

Johnson, Eric, and Reichard, Kevin, X Window
Applications Programming, MIS Press, 1989.

Young, Douglas, Object Oriented Programming With C++
and OSF/Motif, Prentice-Hall, 1992.

#include ýstream.h>
#include "fonttable.h"

// Initializes static class variable.

Widget FontTable::_errortgt = NULL;

/! Displays the error message in a Motif error dialog box.

void FontTable::error-box(char *error_message) {
static Widget errordialog = NULL;
Arg arg[l];
XmString t;

if(_error_tgt != NULL) {
if(error dialog == NULL)

error-dialog = XmCreateMessageDialog(_error_tgt, Nerror",
arg, 0);

XtVaSetValues(XtParent(error_dialog),
XtNtitle, "Error*,
NULL);

XtUnmanageChild(XmMessageBoxGetChild(errordialog,
XmDIALOG_HELPBUTTON));

t = XmStringCreateSimple(error-message);
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XtVaSetvalues (error_dialog,
XniNmessageString, t,
NULL);

XmStringFree(t);
XtManagechild(error_dialog);

else
cout <<

'Error Target Widget must be set by calling module.\nff
<< endl;

FontTable: :FontTable()
mnt i;

for(i = 1; i <= MAXFONTS; i++)
_font_table[iJ..nane~ptr = NULL;
_font_table ti)._font~ptr = NULL;

FontTable::-FontTableo(
mnt i;

for(i = 1; i <= MAXFONTS; i++)
delete _font-table[i] .nalne..ptr;
delete _font-table(il._font...ptr;*

II Initializes the font table using fonts defined for the
IIgiven display.

void FontTable::init(Display *display~ptr){

_font_table(O ._nane~ptr =
strdup(Ovariablem);

_font_tableECOURIERBOLDlO] .name~ptr =
strdup( ~db-ore-bl-*0*)

_font_table[COURIEROLDl2]._naie~ptr =

strdup ( *adobe-courier-bold-r*12O*n);
_font_table ECOURIERBOLD14) .name..ptr =

strdup ( *adobe-courier..bold-r*140*u);
_font_table(COURIERMEDlOJ._naue~ptr =

strdup ( *adobe-courier-m.edium-r*1OO*ff);
_font_table[COURIERMEDl2]._naxne..ptr =

strdup(ff*adobe-courier-medium-r*120*ff);
_font_table(COURIERMEDl4]._name~ptr =

strdup(a*adobe-courier..mediuxn-r*14O*1);

-font_table(O]....font-ptr =
XLoadQueryFont (display...ptr, -font_table [0] ...nane~ptr);

_font_table(COURIERBOLDlOJ....font~ptr =
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XLoadQueryFont (display~ptr,

-font-table [COURIERBOLD1O] .name~ptr);

font table[COURIERBOLDl2J . font42tr

XLoadQueryFont (display~ptr,

-font-table [COURIERBOLD12]I._nane~ptr);

-font_table [COURIERBOLD14] .-font~ptr

XLoadQueryFont (display~ptr,

-font Itable [COURIERBOLDl4] .name~ptr);

_font_table(COURIERMEDlO]._font~ptr=
XLoadQueryFont (display~ptr,

_font table[COURIERMEDlO]._naie~ptr);
-font_table(COURIERMEDl2] ._font~ptr=

XLoadQueryFont (display~ptr,

_font table tCOURIERMED12]I._nane~ptr);

-font_table[COURIERMEDl4] .font-ptr=

XLoadQueryFont (display~ptr,

_font-table [COURIERMEDl4] .name-ptr);

-font_table[Q],_height =

_font-table[O] ._font-ptr->ascent +

-font-tabletO].-font-ptr->descent;

-font table[COURIERBOLDlO] .height=

-font_table(COURIERBOLDlO] ._font-ptr->ascent +

-font-table(COURIERBOLDlO]. _font-ptr->descent;

-font table CCOURIERBOLDl2] ._height =

_font_table[COURIERBOLDl2] ._foht~ptr->ascent +

-font-table(COURIERBOLDl2].-font~ptr->descent;

-font-table(COUPTERBOLDl4] .j-eight=

_font_table(COURIERBOLDl4] ... ont-ptr->ascent +

-font-table[COURIERBOLDl4]._font-ptr->descent;

-font table (COURIERMED10] .height =

-font_table ICOURIERMEDlO] ._font~ptr->ascent +

-font_table(COURIERMEDlO]._font~ptr->descent;

_font-tableECOURIERMEDl2] ._height =

-font_table(COURIERMEDl2I ._font~ptr->ascent +

-font_table[COURIERMEDl2]._font-ptr->descent;

_font-table[COURIERMEDl4] ._jeight =

_font_tfable[COURIERMED14 ._font~ptr->ascent +

-font-table [COURIERMED14]._font~ptr->descent;

1/ ReLucns the width of the given string in the given font

IIin pixels.

nt, FontTable::width(int font-id, char *in-string)(

if(in-string ==NULL)

return 0;
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else
if(font_id > MAXFONTS)

errorbox('Font Table entered with font too big.");
else

return XTextWidth(_font_table[fontid]._fontptr,
instring, strlen(in-string));

// Returns the height of the given font in pixels.

int FontTable::height(int fontid) (

if(font-id <= MAXFONTS)
return _fonttable[font_id]._height;

else (
error_box("Font Table entered with font too big.,);
return 0;

I/ Returns font information needed by some X functions.

Font FontTable::font.id(int font_id) (

if(font.id <= MAXFONTS)
return _fonttable(fontid]._fontptr->fid;

else
error box(*Font Table entered with font too big.');
return 0;

I/ Returns the name of the given font.

char *FontTable::font_name(int font_id) {

if(font_id <= MAXFONTS)
return _fonttable(font-id]._name-ptr;

else (
error_box('Font Table entered with font too big.0);
return NULL;

1
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Name: ge-defs.h
Author: Capt Robert M. Dixon
Pogram: graph-editor
t' 0 te Modified: 12 Sep 92
R.,marks: Provides the common type definitions and defines

for the modules in. the graph-editor program.

********* ******************************************** */

#ifndef ge-defs_h
#define ge-defs_h 1

typedef int BOOLEAN;
enum CLASSDEF(GRAPHOBJECT, OPERATOROBJECT, STREAMOBJECI,

GRAPHOBJECTLIST, SPLINEOBJECT);

enum TOOLSTATE(OPERATORTOOL, TERMINATORTOOL, STREAM_TOOL,
METTOOL, LATENCY-TOOL, SELECTTOOL);

enum DRAWSTYLE(SOLID, DOTTED, ERASE),

typedef int GESTATUS;
typedef int EXTERN_STATUS;
typedef int COLOR;

'-pei-f struct xypair

XYPAIR;

bdefine TRUE 1
uJfine FALSE 0

4iefine ENDED 2
iefjine SUCCEEDED 1

#define FAILED 0
#define INPUTLINESIZE 100
#define CIRCLE-BEGIN 0

bdefine FULLCIRCLE ?60 * 64
4define HANDLESIZE 5

Return codes used to tell the syntax-directed editor
what to do with the incoming data, and whether any

level changes are required.

#define UP -1

#define SAME 0
#define ERROR -3
#define NOUPDATE -4

#define NOEXTERNAL 0
#define FROMEXTERNAL 1
#define TO-EXTERNAL 2
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#define HITFUDGE 5

#define NULL_VALUE 0
#define MAXDELETEDOPS 100

#define MAXTEXTLINES 100

#include "resources.h"
#endif
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Name: ge-interface .c
Author: Capt Robert M. Dixon
Program: sde
Date Modified: 12 Sep 92
Remarks: ge-interface.c contains all the interface routines

to allow the syntax-directed editor to communicate
with the graph editor.

The syntax-directed editor maintains global variables
and data structures that define the graph. It calls
the functions in ge-interface.c, which perform
various operations on those data structures.

Credits: Portions of code are adapted from the following:

Barakati, Naba, X Window System Programming, SAMS,
1991.

Heller, Dan, Motif Programming Manual, O'Reilly and
Associates, 1991.

Johnson, Eric, and Reichard, Kevin, X Window
Applications Programming, MIS Press, 1989.

Young, Douglas, Object Oriented Programming With C++
and OSP/Motif, Prentice-Hall, 1992.

#include ********************i~****** *1dibh

#include <stdlib.h>
#include <stdiog.h>
#include <stringso.h>
#include <Xll/Xatom.h>
#include <Xll/Xlibl.h>

#include <Xll/Intrinsic.h>
#include <Xm/Xm.h>
#include <Xm/Label .h>
#include <pwd.h>
#include oextern.h-
#include "resources .h'

extern char *strdupo;

#define SUCCEEDED 1
#define FAILED 0
#define INPUT_-LINESIZE 100
#define MAX_OPERATORS 50
#define MAX_STREAMS 50
#define MAXSPLINE_NODES 50
#define NULLVALUE 0 1* If changed, change in

graph...editor.C also. *
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/*These codes are returned by the graph editor to tell
the syntax-directed editor whether a change in levels is
required, or whether to ignore any changes to the graph.

#define GRUP -1
#define SAME 0
#define ERROR -3
#define NOUPDATE -4

typedef mnt STATUS;

1*Displays the contents of the operator node list
pointed to by in-ptr.

void disp-ge-opnodes (in-ptr)
struct op-node *in-ptr;

struct op...node *temp-node-ptr =in~ptr;

while(temp....node...ptr !=NULL)C
if(temp...node~ptr->op->name ==NULL)

printf(mOperator Name == NULL\n');
else

printf(mName: %s ', temp~node..ptr->op->name);
printf('Font: %d %d %d 1, temp~jiode~ptr->op->name_font,

temp...node..ptr->op->name....x, temp...node...ptr->op->name~y);
printf(NId: %d 1, temp...node~ptr->op->id);
if(temp...node...ptr->op->met == NULL)
printf(NMet: None 0);

else
printf ('Met: %d 1, * (temp~jiode..ptr->op->met));

printf("Met Font: %d %d %d 8, temp...node~ptr->op->met...font,
temp~node...ptr->op->met~x, temp..node~ptr->op->met.y);

printf(Ox: %d N, temp...node...ptr->op->x);

printf ('radius: %d N, temp~node..ptr->op->radius);
printf ('color: %d 11, temp..node...ptr->op->color);
if (temp...node-.ptr->op->is...deleted)
printf(N deleted N);

else
printf C' not_deleted 9);

if (t~mp..node...ptr->op->is...new)
printf(' new N);

else

if (temp...node..ptr->op->isjnmodified)
printf(m modified N);

else
printf(" not_.jodified )

if (temp...node...ptr->op->is-..composite ==NULL)

printf(
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"Ois-composite pointer is NULL. Possible problem.\n');
else (

if ( *(temp~node~ptr->op->is-composite))
printf(" composite )

else
printf(" not-composite 0);

if (temp~node~ptr->op->is-terminator)
printf(" terminator \n');

else
printf(" not-terminator \nN);

temp-node-ptr = temp-nodeptr->next;

/~Displays the contents of the stream node list pointed to
by in~ptr.

void disp~ge~stnodes (in-ptr)
struct st-node *in-ptr;

struct st-node *temp~node-ptr =in-ptr;
struct spline-node *temp-spline-ptr;

while(temp-node-ptr != NULL) C
if (temp node~ptr->st->name == NULL)
printf(OStream name == NULL');

else
printf("Name: %s 1, tempjiode~ptr->st->name);

printf("Font: %d %d %d 1, temp~node~ptr->st->name font,
temp~node~ptr->st ->name~x,
temp~node-ptr->st->name~y);

printf(mId: %d 1, temp__node~ptr->st->id);
printf("From: 1);
if(temp~node~ptr->st->from != NULL)
printf(I %d ", temp~node-ptr->st->from->op->id);

else
printf ("0")

printf('To: ");
if(temp~node~ptr->st->to != NULL)
printf(m%d N, temp...node...ptr-.>st->to->op->id);

else
printf ('0N);

printf({I);
temp-spl ine~ptr =tempnode~ptr->st ->arc;
vihile(temp-spline-ptr != NULL) (

printf(' %d %d,ff, temp-spline~ptr->x, temp~spline~ptr->y);
temp~spline~ptr = temp-spline..ptr->next;

printf(I)N)
printf('Latency: %d ', temp~node~ptr->st->latency);
printf(ILatency Font: %d x: %d y: %d N,

temp-node-.ptr->st ->latency..font,
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temp-node-ptr->st ->latency-x,
temp-node-ptr->st->latency..s);

if (temp~node-ptr->st->is-deleted)
printf(m  deleted )

else
printf(O not-deleted )

if (temp~node-ptr->st->is-new)
printf(I new 1);

else
printf(I not-new N);

if(temp~node-.ptr->st->is-modified)
printf(U modified')

else
printf(a not-modifiedU)

if (temp-node-ptr->st->is state_.variable)
printf(m  state__variable \n');

else
printf(I not-state-variable \n');

temp-node-..ptr = temp-node~ptr->next;

/*Determines whether the string represents a valid number.

BOOL valid_nuin_string(num)
char *num;

mnt index, nuxnj-ength;

if(nuxn != NULL) (
nuxn_length =strlen(num);
if(num-length > 0)(

for(index = 0; index < nuin_length; index++)(

if((num(indexl] 1=\n') &&
(nuxn(index] 1- '-) &&

((nuxn[index] < '0') 11 (nuin~index] > '9')))
return FALSE;

return TRUE;

return FALSE;

/~Writes the given operator out to the given output stream.

STATUS write...op-to-.file (outfile, out-node)
FILE *outfile;
struct op~node* out_node;

char buffer[INPUTý_LINE_SIZE + 1];
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if (out-node->op->naine == NULL)
printf("Operator name == NULL in write~op~to-file\nf);

else
fprintf(outfile, "%s\nff, out-node->op-->naxne);

sprintf(buffer, O%dff, out_node->op->name_font);
fprintf(outfile, O%s\naf, buffer);
sprintf(buffer, N%d", out.-_node->op->namex);
fprintf(outfile, "%s\nf, buffer);
sprintf(buffer, u%daf, out__node->op->name~y);
fprintf(outfile, I%s\n", buffer);
sprintf(buffer, N%d', out__node->op->id);
fprintf(outfile, m%s\nl, buffer);
if (out-node->op->met == NULL)
sprintf(buffer, "%do, NULL-VALUE);

else
sprintf(buffer, N%df, *(out node->op->met));

fprintf(outfile, "%s\n'o, buffer);
sprintf(buffer, "%df, out_node->op->met~font);
fprintf(outfile, f%s\nf, buffer);
sprintf(buffer, I%dl, out~node->op->met-x);
fprintf(outfile, R%s\nf, buffer);
sprintf(buffer, "%d', out_node->op->met-y);
fprintf(outfile, ff%s\nl, buffer);
sprintf(buffer, O%df, out_node->op->x);
fprintf(outfile, ff%s\nf, buffer);
sprintf(buffer, f%dg, out_node->op->y);
fprintf(outfile, ff%s\n", buffer);
sprintf(buffer, "%d', out_node->op->radius);
fprintf~outfile, f%s\nff, buffer);
sprintf(buffer, "%d', out~node->op->color);
fprintf(outfile, "%s\nf, buffer);
if (out-node->op->is-deleted)

fprintf(outfile, ITRUE\nff);
else

fprintf(outfile, fFALSE\n');
if (out__node->op->is~new)

fprintf(outfile, OTRUE\nf);
else

fprintf(outfile, ffFALSE\n');
if (out_node->op->is-jnodified)*

fprintf(outfile, ITRUE\nl);
else

fprintf(d~utfile, fFALSE\n');
if (out node->op->is~composite ==NULL)
printf(INULL value for is-composite in write-op-to-file.\n');

else (
if (*(out~node->op->is~composite))

fprintf(outfile, ffTRUE\nl);
else

fprintf(outfile, fFALSE\nff);

if (out node->op->is~terminator)
fprintf(outfile, fTRUE\nO);
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else
fprintf(outfile, 'FALSE\n');

if(ferror(outfile))
clearerr(outfile);
return FAILED;

return SUCCEEDED;

/~Writes the given stream out to the given disk file.

STATUS writest-to-file(outfile, out__node)
FILE *outfile;
struct st-node* out-node;

char bufferCINPUT_LINESIZE + 1];
struct spline..node* temp~node;

if(out-node->st->name NULL)
printf(mStream name ==NULL in write_st_to_:filef);

else
fprintf (outfile, '%s\n', out...node->st->name);

sprintf (buffer, N%dff, out_node->st->nanie..font);
fprintf(outfile, "%s\nff, buffer);
sprintf(buffer, N%dff, out_node->st-->name...x);
fprintf(outfile, I%s\nl, buffer);
sprintf (buffer, O%df, out_node->st->name...y);
fprintf(outfile, N%s\nf, buffer);

sprintf(buffer, '%d', out~node->st->id);
fprintf(outfile, I%s\nl, buffer);
if(out~node->st->from !=NULL)

sprintf(buffer, N%dl, out-node->st->from->op->id);
else

sprintf(buffer, N%dff, 0);
fprintf(outfile, N%s\nm, buffer);
if(out..node->st->to != NULL)
sprintf(buffer, 1%d', out_node->st->to->op->id);

else
sprintf(buffer, N%d', 0);

fprintf(outfile, N%s\nl, buffer);
fprintf(outfile, "SPLINE\nl);
temp-node =out_node->st->arc;
while(temp~jiode !=NULL) (

sprintf(buffer, I%d', tempnode->x);
fprintf(outfile, N%s\n'f, buffer);
sprintf(buffer, N%dN, temp....node->y);
fprintf(outfile, N%s\nf, buffer);
temp-node = temp~node->next;

fprintf(outfile, ISPLINEEND\nl);
sprintf(buffer, N%df, out_node->st->latency);
fprintf(outfile, N%s\nff, buffer);

120



sprintf(buffer, 0%d', out_node->st->latency~font);
fprintf(outfile, '%s\na, buffer);
sprintf (buffer, "%dff, out_node->st->latency~x);
fprintf(outfile, O%s\nm, buffer);
sprintf (buffer, "%dm, out_node->st->latency~y);
fprintf(outfile, "%s\nff, buffer);
if (out node->st->is_deleted)

fprintf(outfile, NTRUE\.n');
else

fprintf(outfile, 'FALSE\n');
if (out node->st->is-new)

fprintf(outfile, OTRUE\nff);
else

fprintf(outfile, mFALSE\nff);
if (out~node->st->is-modified)
fprintf(outfile, NTRUE\nff);

else
fprintf(outfile, 'FALSE\n");

if (out...node->st->is_state__variable)
fprintf(outfile, NTRUE\n');

else
fprintf(outfile, OFALSE\nf);

if(ferror(outfile))(
clearerr(outfile);
return FAILED;

return SUCCEEDED;

1* Concatenates two strings together.

void add_string(instring, new_string)
char **instring;
char *new string;

char *temp~str-ptr;

temp...str...ptr = (char *) malloc((strlen(*instring) + strlen(new...string) + 1)
*sizeof(char));

strcpy(temp...str..ptr, *instring);
strcat (temp...str...ptr, new-..string);
*ingtring =temp...str..ptr;

/~Builds an operator from disk.

struct op...node* build..op..node..fmi..disk(infile, instatus)
FILE *infile;
Status *instatus;

char buffer(INPUTLINESIZE + 1];
int last~char, met_value, tempjint, error...length;
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struct op...node* temp..op-..ptr
(struct op...node *) malloc(sizeof(struct op...node));

char *errorstr-ptr = NULL;
Status status = SUCCEEDED;

temp-op-ptr->op
(struct op...str *) malloc(sizeof(struct op...str));

temp~op...ptr->next = NULL;-
fgets(buffer, INPUT_LINE...SIZE, infile);
last-char = strlen(buffer) - 1;
if(buffer~last...char] == K

buffer[last...char] = 0;
if(strcmp(buffer, 'STREAMS') == 0)(

free (temp...op..ptr->op);
free (temp...op...ptr);
return NULL;

else(
temp~op~ptr->op->name = strdup(buffer);
error_str-.ptr = strdup(buffer);
add_string(&error...str...ptr, 'elements in error: )

error_length = strlen(error_str...ptr);

fgets(buffer, INPUT_LINE...SIZE, infile);
if (valid_num_string(buffer)) (

temp~op-..ptr->op->name_font = atoi(buffer);
if(temp-opptr->op->name-font > MAXFONTS)

add~string(&error...str...ptr, 'iiame_font a);

temp~op..ptr->op->name_font = MAXFONTS;

else
add_string(&error str...ptr, Iname_font 1);

fgets(buffer, INPUT_LINESIZE, infile);
if (valid~num~ktring (buffer))

temp...op-ptr->op->name_x = atoi(buffer);
else

add--String(&error str...ptr, gnaxne_x N);

fgets(buffer, INPUT_LINE...SIZE, infile);
if (valid...num..string (buffer))
temp~op..ptr->op->name-y = atoi (buffer);

else
add_string(&error str~ptr, Inane,. 1);

fgets(buffer, INPUT_LINE...SIZE, infile);
if (validjium~..string (buffer))
temp~op-ptr->op->id = atoi (buffer);

else
add_string(&error-str-ptr, lid a);

fgets (buffer, INPUT.JJINE...SIZE, inf ile);
if (valid~jium...string (buffer))
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met-value = atoi(buffer);
elsef
met-value = NULLVALUE;
add~string(&error~str~ptr, "met 0);

if (met_value == NULLVALUE)
temp~opptr->op->met NULL;

else (
temp~opptr->op->met = (int *) malloc(sizeof(int));
*(temp-op-ptr->op->met) = met-value;

fgets(buffer, INPUT_LINESIZE, infile);
if(valid-num-string(buffer)) (
temp-opptr->op->me4_font = atoi(buffer);
if(temp-opptr->op->met..jont > MAXFONTS)
add-string(&error~str~ptr, "met font )

temp-opptr->op->met-font =MAXFONTS;

else
add-string(&error-str~ptr, "met~font ;

fgets(buffer, INPUT_LINfE_SIZE, infile);
if (valid-nuxnstring(buffer))
temp-opptr->op->met-x = atoi(buffer);

else
add_string(&error~str~ptr, 'met~x )

fgets(buffer, INPUT_LINE_SIZE, infile);
if (valid_nuxnstring(buffer))
temp~op-ptr->op->met~y = atoi (buffer);

else
add_string(&error~str~ptr, "rnet..y ;

fgets(buffer, INPUT_LINE_SIZE, infile);
if (valid-num-string(buffer))

temp~op-ptr->op->x = atoi(buffer);
else

add_string(&error~str~ptr, "x i)

fgets(buffer, INPUT_LINE_SIZE, infile);
if (valid num-string(buffer))

temp-op-ptr->op->y = atoi(buffer);
else
add_string(&error~str~ptr, Ny )

fgets(buffer, INPUT_LINE_SIZE, infile);
if (valid-num-string(buffer))

temp-op-ptr->op->radius = atoi lbuffer);
else
add-string(&error-str-ptr, 'radius N);
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fgets(buffer, INPUT-LIN&SIZE, infile);
if (valid-num-string(buffer)) (

temp-op ptr->r'p->color = atoi (buffer);
if(temp~op-ptz->op->color > MAXCOLORS)

add~string(&error~str~ptr, 'color N);

temp~op~ptr->op->color = MAXCOLORS;

else
add_string(&error str~ptr, 'color )

if (strcmp ( TRUE\nm,
fgets(buffer, INPUTLINE_SIZE, infile)) ==0)

tempqp-ptr->op->is..Aeleted = TRUE;
else

if(strcmp(NFALSE\nN, buffer) ==0)

temp~opptr->op->is-deleted =FALSE;
else

add..string(&error...str-ptr, "is_deleted )

if (strcmp ( TRUE\n",
fgets(buffer, INPUTIINE_SIZE, infile)) ==0)

temp-op~ptr->op->is-new= TRUE;
else

if(strcmp(NFALSE\nO, buffer) == 0)
temp~op~ptr->op->is_new = FALSE;

else
add~string (&error..str~ptr, 'is_deleted N);

if (strcmp ('TRUE\nl,
fgets(buffer, INPUTLINQ_SIZE, infile)) ==0)

temp~op~ptr->op->is-modified =TRUE;
else

if(strcmp(NFALSE\n', buffer) ==0)

temp-opptr->op->is_modified = FALSE;
else
add~string(&error~str...ptr, "is_deleted N);

temp-opptr->op->is...compo5 ite =
(BOOL *) malloc(sizeof(BOOL));

if (strcmp ( TRUE\nO,
fgets(buffer, INPUTLINE_SIZE, infile)) == 0)

* (temp~op~ptr->op->is-composite) = TRUE;
else

if(strcxnp('FALSE\nl, buffer) == 0)
*(temp~opptr-.>op->is composite) = FALSE;

else
add-.string (&error...str~ptr, 'is_deleted a);

if (strcmp( 'TRUE\n',
fgets(buffer, INPU'IULINE_SIZE, infile)) ==0)

temp~op~ptr->op->is~terminator = TRUE;
else

if(strcinp('FALSE\n', buffer) == 0)
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temp~op-ptr->op->is-terminator FALSE;
else

add-string(&error_str-ptr, "is_deleted )

if(strlen(error-str~ptr) > error-length)(

printf("%s\n", error-str~ptr);
status = FAILED; -

free(error_str~ptr);

if(ferror(infile))
printf(OUnix reports file errors building operator %s\n",

temp-op-ptr->op->namne);

clearerr~infile);
free (temp-op-ptr->op);
free (temp~op~ptr);
temp-op~ptr = NULL;

status =FAILED;

*instatus =status;

return temp-op-ptr;

1* Builds a spline node from disk.

struct spline-node, build_sp.jm-disk(infile, instatus)
FILE *infile;

Status *instatus;

char buffer[INPUT_-LINE_-SIZE + 1], *error_str~ptr = NULL;
struct spline-node *head-ptr = NULL, *curr-ptr, *temp-sp-ptr;
mnt errorjlength;
BOOL done = FALSE;
Status status = SUCCEEDED;

error-str~ptr = strdup('Spline elements in error: )

error-length =strlen(error~str~ptr);

fgets(buffer, INPUTý_LINE_SIZE, infile); /* clear "SPLINE' ~
while(!done)

if((strcxxip(1SPLINEEND\n', fgets(buffer, INPUTLINE_SIZE,
infile)) != 0)

&& (!ferror(infile)))
temp..sp..ptr =

(struct spline_node *
malloc~lsizeof(struct spline-node));

temp-sp-ptr->next = NULL;

if (valid_num_string(buffer))
temp-sp~ptr->x = atoi(buffer);

else
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add...string(&error...str...ptr, Ox ;

fgets(buffer, INPUT-LINE_SIZE, infile);
if (valid.nunustring (buffer))
temp-sp-ptr->y = atoi(buffer);

else
add~string(&error-str~ptr, lyU)

if(head-ptr == NULL)
head-ptr = temp...sp...ptr;
curr-ptr = temp~sp...ptr;

else(
curr-ptr->next = temp...sp..ptr;
curr-ptr = curr..ptr->next;

else
done = TRUE;

if(strlen(error...str...ptr) > error.length)
printf('%s\nl, error_str...ptr);
status = FAILED;

free (error~str...ptr);

if(ferror(infile)) (
printf(,Unix reports file errors building spline.\nm);
clearerr(infile);
free(head-ptr);
head~ptr = NULL;
status =FAILED;

*iflstatus =status;
return head...ptr;

/~Returns a pointer to the operator node specified by the
id #

struct op-node* fin&..op-.node(id, head~op-ptr)
OPID id;
struct op-node *head-op-ptr;

struct op...node *temp~op...ptr = headop-ptr;

while(temp__op~ptr != NULL)

if(temp-op..ptr->op->id == id)
return temp.op~ptr;

else
temp-.op...ptr = temp-..op-ptr->next;

return NULL;
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/*Builds a stream node from disk.

struct st-node* build-st-node-fm-disk(infile, head op~ptr,
ins tatus)

FILE *infile;
struct op-nod?* head-op-ptr;
Status *instatus;

struct st-node* temp-st-ptr=
(struct st-node *) malloc(sizeof(struct st-node));

char buffer[INPUT_-LINE-SIZE + 1], *error~str~ptr = NULL;
mnt last-char, temp~nodejid, error_length;
struct op-node* temp~opstr-ptr;
Status status = SUCCEEDED;

temp-st~ptr->st=
(struct st str *)malloc(sizeof(struct st_str));

temp-st-ptr->next NULL;
fgets(buffer, INPUT-LINE_SIZE, infile);
last-char = strlen(buffer) - 1;
if (buffer~last char] == nl
buffer~last~char] = 0;

if(strcmp(buffer, "ENDDATA') == 0)(
free(temp-st-.ptr-->st);
free(temp~st~ptr);
return NULL;

else
temp~stptr->st->name = strdup(buffer);
error-str~ptr = strdup(buffer);
add-string(&error~str~ptr, 'elements in error: )
error-length = strlen(error-str-ptr);

fgets(buffer, INPUT_-LINESIZE, infile);
if(valid~num-string(buffer)) (
temp~st~ptr->st->name_font = atoi(buffer);
if(temp-stptr->st->name-font > MAXFONTS)
add_string(&error-str~ptr, "name~font )

temp-st-ptr->st->nanme_font = MAXFONTS;

else
add-string(&error-str~ptr, Inaxne font 1);

fgets(buffer, INPUT_-LINE_SIZE, infile);
if(valid..nunt-string(buffer))
temp-st..ptr->st->name~x = atoi (buffer);

else
add-string(&error-str-ptr, 'name-x )

fgets(buffer, INPUTLINE_SIZE, infile);

127



if(valid~num-string(buffer))
teM;pst-ptr->st->nane-y = atoi (buffer);

else
add_string(&error~str~ptr, Onaine~y

fgets(buffer, INPUTLINE_SIZE, infile);
if(valid~num_string(buffer))
temp-st-ptr->st->id =.atoi (buffer);

else
add-string(&error-str-ptr, "idU)

fgets(buffer, INPUT_LINE_SIZE, infile);
if(valid~nuxn_string(buffer)) (
temp-node-id = atoi(buffer);
if(tenp-node-id == 0)
temp-st-ptr->st->from = NULL;

else (
tenp-opstr-ptr=

find~op~node (temp-node-id, head~op..ptr);
if(temp-opstr-ptr == NULL) (
printf(!\Ifrom\" operator node not found in build-st--node-fmn--

disk\nm);
add_string(&error str~ptr, "from_id N);

temp-st-ptr->st->from = temp-opstr-ptr;

else
add_string(&error~str~ptr, 'fromindU)

fgets(buffer, INPUT_LINE_SIZE, infile);
if(valid nuxn string(buffer))
tenp~node_id = atoi(buffer);
if(tenp~node_id == 0)

tenp-st-ptr->st->to = NULL;
else (

temp-opstr-ptr=
f ind~op~node (teinp.nodejid, head~op~ptr);

if(temp-opstr-ptr ==NULL) (
printf('VIto\l operator node not found in build_st_node_fm-disk\nl);
add_string(&error str~ptr, "to~id )

temp-st-ptr->st->to = tenp-opstr-ptr;

else
.add~string(&error~str~ptr, Ito~id N);

temp...st...ptr->st->arc = build~sp-fmndisk(infile, &status);

fgets(buffer, INPUTLINESIZE, infile);
if(valid~num_string(buffer))
temp-stptr->st->latency = atoi (buffer);

else
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add-string(&error-str~ptr, "latency N);

fgets(buffer, INPUT_LINE.SIZE, infile);
if (valid-nuniý_string(buffer)) {
temp-stptr->st->latency~font = atoi(buffer);
if(temp-st-ptr->st->latency-font > MAXFONTS)
add-string(&error str-ptr, glatency-font 0);
temp-st~ptr->st ->latency~font = MAXPONTS;

else
add-string(&error-str-ptr, "latency~font )

fgets(buffer, INPUTLINFSIZE, infile);
if (valid-nurn_string(buffer))
temp-st-ptr->st->latency-x = atoi(buffer);

else
add~string(&error str~ptr, Olatency-x ");

fgets(buffer, INPUTý_LINESIZE, infile);
if (valid-nuink_string(buffer))
temp-stptr->st->latency~y = atoi (buffer);

else
add-string(&error str-ptr, Nlatency-y 9);

if (strcmp ( TRUE\nN,
fcrets(buffer, INPUTLINE__SIZE, infile)) ==0)

temp-stptr->st->is_deleted = TRUE;
else

if(strcmp(gFALSE\nl, buffer) ==0)

temp...st..ptr->st->is-deleted =FALSE;

else
add-string(&error str~ptr, "is-deleted )

if (strcmp(C TRUE\ng,
fgets(buffer, INPUTý_LINE_SIZE, infile)) ==0)

temp-.st-ptr->st->is--new = TRUE;
else

if(strcmp(NFALSE\ng, buffer) == 0)
temp-st~ptr->st->is_new =FALSE;

else
addstring(&error str~ptr, mis_deleted N);

if (strcmp( "TRUE\nff,
fgets(buffer, INPUT_LINEý_SIZE, infile)) ==0)

temp...st-p..tr->st->is_mnodified TRUE;
else

if(sttcmp(NFALSE\n", buffer) ==0)

temp-stptr->st->is-.modified = FALSE;
else

add~string(&error-str~ptr, Nis_deleted 1);

if (strcmp(NTRUE\nw,
fgets(buffer, INPUT_LINE_SIZE, infile)) == 0)
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temp-stptr->st->is_state-variable = TRUE;
else

if(strcmp("'FALSE\n6, buffer) == 0)
temrlst~ptr->st->is-state-variable = FALSE;

else
add-string(&error-str-ptr, 'is-deleted )

if(strlen(error~str~ptr.) > error-length)
printf("%s\n", error-str~ptr);
status = FAILED;

free (error_str-ptr);

if(ferror(infile))(
printf("Unix reports file errors building stream %s\n"f,

temp-st~ptr->st->flamTe);
clearerr(infile);
free (temp st~..ptr->st);
free (temp~st~ptr);
temp-st..ptr = NULL;
status =FAILED;

*iflstatus =status;

return temp-st~ptr;

/*Updates the syntax-directed editor's global data structure
with the data read in from the disk file. New objects are
added to the linked list,,while data from modified objects
is copied over to the original object.

First copies the data into all the existing objects, then
goes back through to link in the new objects.

void update...globals (head..op..ptr, headst..ptr)
struct op~..node **headop-ptr;
struct st_node **headst-ptr;

struct op-node *temp-op~src-ptr = *head-pp-tr;
struct op...node *temp-op-ptr,

*temp~op tgt-ptr =' the..operator...list;
struct st_node *temp st-src~ptr = *head~st~ptr;
struct st_node *temp~st~ptr,

*temp-st-tgt-ptr = the-streaxnk-jist;
struct splinejiode *temp~spln-tgt-ptr, *tempspln-src~ptr,

*temp-spln~ptr;

#ifdef GE_DEBUG
printf(----------------Incoming =--------------

printf(Iglobal\ng);
disp...ge..opnodes (the~operator list);
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disp-ge-stnodes(the-stream-list);
printf(Ilocal\nl);

disp-ge-opnodes (*head~op-ptr);
disp-ge-stnodes (*head~st~ptr);

#endif

while(temp-op-src-ptr !=NULL)
if(temp-opsrc~ptr->op->is-new == FALSE)

1* Update original node. */
temp~op-tgt~ptr = the_operatorjlist;
while(temp-op-tgt-ptr !=NULL) (

if (teMp-op-tgt-ptr->op->id == temp-opsrc-ptr->op->id)

/*Statement frees memory in the global data structure. Left

commented out to prevent possible SDE problems. Not freeing
this memory results in a memory leak.

free (temp-optgt-ptr->op->naxne);

temp~op~tgt..ptr->op->tiaie=
strdup (temp~opsrc-ptr->op->namne);

temp~optgt...ptr->op->rname font
temp-op-src-ptr->op->name~font;

temp~op-tgt-ptr->op->name-x =

temp~opsrc~ptr->op->namTe~x;
temp-op-tgt-ptr->op->nalne..s

temp-op-src-ptr->op->nafle y;

if(temp-op-.src-ptr->op-->met != NULL){

if (temp-op..tgt-ptr-yop->met ==NULL)

temp~op..tgt~ptr->op->met
(mnt 0) malloc(sizeof(int));

* (temp...op-tgt...ptr->op->met) =

* (temp~op~src-ptr->op->met);

else
temp-op-tgt-ptr->op->met = NULL;

temp-op-tgt~ptr->op->met~font =

temp-opsrc-ptr->op->met...font;
temp-optgt-ptr->op->mnet..x =

temp-op-src..ptr->op->met...x;
temp...op..tgt-ptr->op->met..y =

temp...op..tgt~ptr->op->x = temp-opsrc~ptr->op->x;
temp-op...tgt..ptr->op->y = temp-op~src~ptr->op->y;
temp-op.,tgt~ptr->op->radius=
temp-opsrc-ptr->op->radius;

temp...pp.tgt~ptr->op->color =

temp...op..src..ptr->op->color;

Si fde f GE...DEBUG
printf(Imade it through the integers.\n');

#endif
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temp__op-tgt-ptr->op->is-deleted
temp-op-src~ptr->op->is-deleted;

temp~optgt~ptr->op->is_new =
temp-op-src~pt r->op- >i snew;

if (temp-op-tgt~ptr->op->is-composite == NULL)
printfC"NULL value for global \'is-composite\'. Possible probl-

else
* (temp-op-tgt-ptr->op->is-composite)

* (temp-op~src-ptr->op->is-composite);

tepoIg-t-op>sItriao
temp~optgtcptr->op->is -terminator;=
temp~opsrctptr->op->is terminator;=
temp-optgtcptr->op->is_mnodified

break;

else
temp-op~tgtpt =tmotgtpt->next;

temp~op-src-ptr = temp-op-src~ptr->next;

#ifdef GE_DEBUG
printf(Ofinished operators\nl);

#endif

while(temp~st,..src~ptr != NULL)(
if(temp-st~src-ptr->st->is~new ==FALSE)

temp-sttgt..ptr =the_stream_list;
while(temp-st-tgt~ptr != N'.ULL)(

if (temp~st..tgt~ptr->st->id == temp~stsrc-ptr->st->id)(

1*Statement frees memory in the global data structure. Left
commented out to prevent possible SDE problems. Not freeing
this memory results in a memiory leak.

free (temp-sttgt...ptr->st->name);

temp~st..tgt-ptr->st->name
s~trdup (temp~st-src-ptr->st->name);

temp~st..tgt-ptr->st->name_font=
temp~st~src-ptr->st ->name~font;

temp~st-tgt...ptr->st->name__x =

temp~st~src~.ptr->st ->name~x;
temp~sttgt..ptr->st->name~y =

temp st~src.~.ptr->st->name~y;
if(temp~stsrc...ptr->st->from !=NULL)(

temp..op-pt r =
find~op...node (temp~stsrc..ptr->st->from->op->id,

the...operator~list);
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if(temp-op-ptr ==NULL)
printf(mV'from\g operator not found in global data structure\n");

temp-st-tgt-ptr->st->from = temp--op-ptr;

else
temp~st~tgtjptr->st->from = NULL;

if(temp-st~src~ptr->st->to !=NULL)(
temp-op-ptr =

find.op~node (temp-st-src-ptr->st->to->op->id,
the-operatorjlist);

if(temp-op-ptr == NULL)
printf("VltoV'f operator not found in global data structure\n');

temp-st-tgt~ptr->st->to = temp-op-ptr;

else
temp~sttgt-ptr->st->to =NULL;

#ifdef GEDEBUG
printf("Made it to the spline.\n');

#endif

if(temp-st-src-ptr->st->arc != NULL)

Statements free memory in the global data structure. Left
commented out to prevent possible SDE problems. Not freeing
this memory results in a memory leak.

if(temp-sttgt...ptr->st->arc !=NULL)(
temp~spln-tgt~ptr = temp~sttgt-ptr->st->arc;
while(temp~spln -tgt...ptr != NULL) (

temp-spln~ptr = temp~spln-tgt-ptr->next;
free (temp~spln...tgt...ptr);
temp-spln~tgt~ptr = temp-spln-ptr;

#ifdef GEDEBUG
printf('Freed the existing spline\nMf);

#endif

temp-spln-src-ptr = temp-stsrc...ptr->st->arc;
temp~sttgt-,ptr->st->arc

(struct spline_node *)
malloc(sizeof(struct spline__node));

temp~sttgt~ptr->st->arc->x = temp-spln-src~ptr->x;
temp~sttgt-ptr->st->arc->y = temp-.spln~src...ptr->y;
temp-.spln...src~ptr = temp-spln~src-ptr->next;
temp...spln...tgt~ptr = temp...st..tgt-ptr->st->arc;

*ifdef GEý_DEBUG
printf('Set head\n');

#endif
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while(temp-spln~srcj-ptr != NULL)(
temp-spln-tgt~ptr->next

(struct spline_node *)
malloc(sizeof(struct spline-node));

temp-spln~tgt~ptr = temp-spln~tgt~ptr->next;

tenp~spln~tgt-:ptr->x = temp-spln~src~ptr->x;
temp-spln-tgt-ptr->y = temp-spln~src~ptr->y;
temp spln-src-ptr = temp-spln-src~ptr->next;

temp~spln-tgt-ptr->next =NULL;

else
temp~st-tgt-ptr->st->arc =NULL;

#ifdef GEDEBUG
printf("made it past the spline.\n');

#endif

temp-sttgt~ptr->st->latency
temp~st~src-ptr->st ->latency;

temp-st-tgt-ptr->st->latency-font
temp~st src~ptr->st->latency font;

temp-st~tgt~ptr->st->latency-x
temp-st-src-ptr->st ->latencyX;

temp-st-tgt-ptr->st->latency~y=
temp~stsrc~ptr->st->latency-y;

temp-sttgt-ptr->st-z>is-deleted =
temp~stsrc~ptr->st->is-deleted;

temp-sttgt~ptr->st->zis-new=
temp~st~src~ptr->st ->is-new;

temp-st~tgt-ptr->st->is_stateý_variable=
temp~stsrc pt->st->is state_variable;

temp-sttgt...ptr->st->is-modified
temp~stsrc~ptr->st->is-modified;

break;

else
temp-st-tgt-ptr = temp-st-tgt-ptr->next;

temp-st-src-ptr =temp-st..src~ptr->next;

#ifdef GEDEBUG
printf('finished streaxns\no);

#endif

1* Links in the new objects.

while(*head-op-ptr !=NULL)(
temp--op-src-ptr =*head_op~ptr;
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if((*head~op~ptr)->op->is new == TRUE)(
*head_op~ptr = (*head..op-ptr)->next;

temp-op~src-ptr->next = the~operator_list;
thejoperator_list = temp-op-src-ptr;

else
break;

if(*head~op~ptr != NULL)(
temp op-src~ptr = *head_op-ptr;
while(temp~op~src~ptr->next != NULL){

if(temp-op-src-ptr->next->op->is_new == TRUE)
temp~op-ptr = temp~opsrc-ptr->next;
tempop-.src-ptr->next = temp~op..src-ptr->next->next;
temp-op-ptr->next = the~operator_list;
the_operatorjlist =temp-op~ptr;

else
temp-_op-src~ptr = temp-op-src-ptr->next;

while(*head~st-ptr != NULL)(
temp~st~src-ptr = *head Ist~ptr;
if((*head-stptr)->st..>is__new == TRUE)(

*head-st-ptr = (*headst-ptr)->next;
temp-stsrc-.ptr->next = the-streamr_list;
the_streamL_list = temp~st-src-ptr;

else
break;

if(*head-st-ptr != NULL)
temp-stsrc..ptr =*head_st~ptr;
while(temp-st-src-ptr->next != NULL)

if(temp-st-src-ptr->next->st->is_new == TRUE)
temp~st~ptr = temp~st~src~ptr->next;
temp~st~src~ptr->next = temp~st-src-ptr->next->next;
temp~st-ptr->next = the-stream~..list;
the-streamr_list = temp~st..ptr;

else
temp~st-.src..ptr = temp-st-src-ptr->next;

#ifdef GE_DEBUG
printf(N=====-----------Outgoing

disp...ge..opnodes (the~operator~jist);
disp-ge...stnodes(the_streamý_list);

printf(Ilocal\n-);
disp...ge~opnodes (*head~op~ptr);
disp..ge..stnodes (*head~st...ptr);

#endif
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/*If new objects have been added to the beginning of the
list, the syntax-directed editor's pointers to the head
of list must be modified to point to the new head of the
list.

current~graph->operator-list = the_operatorjlist;
current~graph->streain-list = the-stream _list;

/* Frees the memory allocated to the given lists. *

1* Should be left commented out until the SDE is more stable.
Void free-data(head-op-ptr, head~st-ptr)

struct op~node Mhead oppr

struct st-node *head_st~ptr;

struct op~node* op~ptr~tableEMAXOPERATORS];
struct op-node* temp-op-ptr = head_op-ptr;
struct st-node* st-ptr~table[MAXSTREAMS];
struct st-node* temp-st~ptr = head_st~ptr;
struct spline-node* spline~ptr...table[MAXSPLINENODES];
struct spline_node* temp-node~ptr;
mnt index = 0, spline_index =0, i, j;

while(temp-op-ptr 1= NULL)
op~ptrtable~indexJ = temp-.op~ptr;
temp-op-ptr = temp__op...ptr->next;
index++;

for(i = 0; i < index; i++){
free(op-ptr table[i]->op->name);
free(op~ptr table~i]->op->met);
free(op-ptr-table[i]->op->i&..composite);
free(op-ptr-table~i]->op);
free(op...ptr-table~i]);

index = 0;
while(temp-st~ptr != NULL)(

st~ptr~table(index] = temp-..st~ptr;
temp-st-ptr = temp...st~ptr->next;
index++;

for(i = 0; i < index; i++)(
splinejindex =0;
temp...node...ptr =st...ptr..table[i] ->st->arc;
while(temp...node...ptr !=NULL) (

spline..ptr-table [spline-jindex] = temp...node~ptr;
temp...node-ptr = temp-node~ptr->next;
spline...index++;
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for(j = 0; j < spline-index; j++)
free(spline-ptr~table[j]);

free(st~ptr-table~i] ->st->naxne);
free (st~ptr~table (i]J->st);
free(st~ptr~table[iJ);

1* Retrieves the updated graph data~ from disk. *

Status retrieve-data()
FILE *infile;
char buffer[INPUT_LINE_SIZE + 1], *error_str~ptr NULL;
struct op-node *temp-op-ptr, *head_op-ptr;
struct st-node *temp-st-ptr, *head_st~ptr;
mnt return-info, tempjint, last_char;
Status status = SUCCEEDED;

infile =fopen(Igedatatransfile2.txtm, Irt");
if(infile != NULL) (

fgets(buffer, INPUT_LINE_SIZE, infile);
if(strcmp(buffer, NGE93DATAFILE\ng) == 0)

fgets(buffer, INPUTLINESIZE, infile);
last-char = strJlen(buffer) - 1;

if(buffer[last char] == \'
buffer[last~char] = 0;

current-graph->naine =strdup(buffer);
fgets(buffer, INPUT_LINESIZE, infile);
if(valid_nurn string(buffer)) C

current-graph->naxne_font = atoi(buffer);
if(current-graph->naxne-font > MAXFONTS)

error-str-ptr = strdup("Name Font Too Large');

else
strdup(error~str-ptr, "Corrupted header information");

if(error~str~..ptr == NULL) (
fgets(buffer, INPUT_LINESIZE, infile);
if (valid-num-string(buffer))

current-graph->name-x =atoi(buffer);
else

error-str...ptr =strdup('Corrupted naniex");

if(error~str~ptr ==NULL)(
fgets(buffer, INPUT_LINESIZE, infile);
if (valid_num_string(buffer))

current-graph->name-y = atoi (buffer);
else

error-str-..ptr = strdup('Corrupted name-.y");
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if (error_str~ptr != NULL)
status = FAILED;

if (status == SUCCEEDED) { 1* #1 *
1* Clears OPERATORS keyword in file. *

fgets(buffer, INPUTLINE_SIZE, infile);

'Oifdef GEDEBUG
printf ("reading\no);
#endi f

head~op-ptr = build-op~node_fm_disk(infile, &status);

#ifdef GE_DEBUG
disp~ge-opnodes (heac~op-ptr);
#endif

if((head~op~ptr != NULL) && (status == SUCCEEDED))(
temp-op-.ptr = head-op-ptr;
while((temp~op...ptr 1=NULL) && (status == SUCCEEDED))C

temp-op-ptr->next
build-opnode-fnm_disk(infile, &status);

temp op~ptr = temp~op-ptr->next;

#ifdef GEDEBUG
disp~ge-opnodes (temp~op...ptr);
#endif

if (status == SUCCEEDED)(
head~st-ptr =

build_st_node_fm~disk(infile, head~op...ptr, &status);

#ifdef GEDEBUG
disp-ge-stnodes (head-st-ptr);
#endif

if((head~st~ptr W= NULL) && (status == SUCCEEDED))(
temp-st-.ptr = head...st~ptr;
while((temp-st~.ptr !=NULL) &&

(status == SUCCEEDED))
temp...st..ptr->next =

build st-node-fm-disk(infile,
hea&..op-ptr, &status);

temp-..st~ptr = temp-stptr->next;

#ifdef GEDEBUG
disp~ge-stnodes (temp...st-ptr);
#endif
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if (status == SUCCEEDED) ( /* #2 ~
return-info = atoi(fgets(buffer, INPUTLINESIZE,

infile));
if (return-info == ERROR)
printf("Graphic editor returned an error.\na);

else(

#ifdef GEDEBUG
printf('Retrieve data-------------------------------\nglobal:\n)
disp-ge-opnodes (the~operator~list);
disp-ge-stnodes(the~stream ýlist);
printf("local:\n-);

disp-ge--opnodes (head~op-ptr);
disp-ge-stnodes (head~st~ptr);

#endif

if (return-info !=NOUPDATE)(
update..globals (&head~op~ptr, &headst~ptr);
if (return_info ==GRUP) 1* change UP *

level_change-direction = UP;
else

if(returnjinfo == SAME)
level_change...direction = SAME;

else(
level_change~direction = DOWN;
goto...child = strdup(fgets(buffer,

INPUT_-LINESIZE,
infile));

else
level~change_direction =SAME;

1/* #2 *

1* free-data(head...op~ptr, headst..ptr); *
/* #1 *

else
printf('Data file format is questionable.\nl);
status = FAILED;

fclose(infile);

else{
printf('Input data tranfer file not found.\n');
status = FAILED;

if(error~str~ptr !=NULL)(
printf (error str...ptr);
free(error-str~ptr);

return status;
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/I Displays the type of an event. Debug code left in for

future use.

static int id-event(event-to-check)

XEvent event-to-check;

switch(event_to_check.type)(

case KeyPress:

printf("KeyPress");

break;
case KeyRelease:
printf(T MKeyRelease");

break;
case ButtonPress:

printf (OButtonPress'");

break;
case ButtonRelease:

printf("'ButtonReleaseO);

break;

case MotionNotify:
printf('MotionNotify'");

break;

case EnterNotify:

printf (OEnterNotifyff);

break;
case LeaveNotify:

printf('LeaveNotify');

break;

case Focusln:
printf("FocusIn-);

break;
case FocusOut:

printf("FocusOut");

break;

case KeymapNotify:
printf('KeymapNotify');

break;
case Expose:

printf ("Expose');

break;
case GraphicsExpose:

printf C GraphicsExpose");

break;
case NoExpose:

printf ('NoExposel);

break;

case VisibilityNotify:

break;
case CreateNotify:

printf('CreateNotify');

break;
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case DestroyNotify:
printf("DestroyNotify');
break;

case UnrnapNotify:
printf("tUninapNotify");
break;

case MapNotify:
printf("MapNotifY");
break;

case MapRequest:
printf (MapRequest");
break;

case ReparentNotify:
printf ( ReparentNotifym);
break;

case ConfigureNotify:
printf ("ConfigureNotify");
break;

case ConfigureRequest:
printf ("ConfigureRequest");
break;

case GravityNotify:
printfC"GravityNotifyff);
break;

case ResizeRequest:
printf("ResizeReqllest");
break;

case CirculateNotify:
printf ("CirculateNotifyff);
break;

case CirculateRequest:
printf(OCirculateRequestf);
break;

case PropertyNotify:
printf (fPropertywotifya);
break;

case Select jonClear:
printf('SelectionClearl);
break;

case SelectionRequest:
printf ( SelectionRequesto);
break;

case SelectionNotify:
printfVfSelectionNotify');
break;

case ColormapNotify:
printf('ColormapNotifyff);
break;

case ClientMessage:
printf(*ClientMessageO);
break;

case MappingNotify:
printf ( MappingNotify");
break;

141



default:
printf (event-to-check.type);

printf(" Event, send-event )

if (event-to-check .xany. send-event)
printf("TRUE');

else
printf(TMFALSE");

printf(m, Target Window: %x\n"f, event-to-check.xany.window);
return event-to-check.type;

/~Writes out data from the header node.

void write-header data Coutfile)
FILE *outfile;

char buffer[INPUTLINESIZE + 1];

if(current-graph->naxne == NULL)

else
fprintf(outfile, O%s\ng, current~graph->name);

sprintf (buffer, O%d\n", current-graph->name font);
fprintf(outfile, buffer);
sprintf(buffer, O%d\nm, current~graph->narie_x);
fprintf(outfile, buffer);
sprintf(buffer, m%d\nl, current..graph->name~y);
fprintf(outfile, buffer);

1* Writes objects to disk.

STATUS store-data()
FILE *outfile;
struct opnode* temp~op~node;
struct st-node* temp~st-node;
STATUS status = SUCCEEDED;

#ifdef GEDEBUG
printf(Istore data in =---------------------------------------\nglobal:\nf);

disp~ge~opnodes(the~operator_list);
disp-gestnodes(the_stream-jist);
printf(~'Setting the lists\nO);

#endif

if(current-graph !=NULL){
the-operator-list = current~graph->operatorjlist;
the-stream-list = current-graph->stream klist;

#ifdef GE_DEflUG
printf (Istore data out------------------------------\nglobal:n)
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disp-ge~opnodes (the..operatorjlist);
disp-gestnodes(the_stream-list);

#endif

outfile = fopen("gedatatransfile.txtff, "wtO);
if(outfile !=NULL) (

fprintf(outfile, 'GE93DATAFILE\n");
write -h eader-data(outfile)7
fprintf(outfile, OOPERATORS\n');
temp-..op-node = the-operator-list;
while(temp~op~node != NULL) (

status = write-op-to-file(outfile, temp__op~node);
if (status == SUCCEEDED)

temp__op__node = temp-opnode->next;
else

break;

if (status == SUCCEEDED)(
temp-st-jiode = the_streain~list;
fprintf(outfile, OSTREAMS\n"f);
while(temp~st...node != NULL) (

status = write-st-to-file(outfile, temp_st-node);
if (status == SUCCEEDED)

temp-st_node = temp~st-node->next;
else
break;

fprintf(outfile, ffENDDATA\nN);
fclose(outfile);
if (status == FAILED)
printf(,There were problems writing the output file.\nl);

else
printf('Unable to open graph editor data transfer file.\nO);

clearerr(outfile);
status = FAILED;

else(
printf(Icurrent-graph pointer is NULL. Unable to display graph.\nm);
status = FAILED;

return status;

1*Sends an X ClientMessage event to the graph viewer so it
knows what it's supposed to do.

void send~event (message)
char *message;

Status status;
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int argc = 1;
char **argv = (char **) malloc(2 * sizeof(char *));

static Display *display-ptr = NULL;
static Window window;
static Widget toplevel, label;
static XtAppContext app;
static char *data[2];
static XTextProperty text-propreturn;
static Atom property-name, display-idatom, actual_type-atom;
static int actualformat;
static unsigned long items_returned, bytesremaining;
static Window *property data;
static unsigned char *propertypointer;

XmString xmstr;
Arg args[10];
int n;

XEvent *big event = (XEvent *) malloc(sizeof(XEvent));
XEvent inevent;

/* If the display ptr hasn't been initialized, this is
the first time through the routine. Get the root window
id and retrieve the graph viewer's window id from the
X property area.

*/

if(displayptr == NULL) (
argv[0] = strdup(osde');
argv[l] = NULL;

/* This is done to get the root window of the display.
Although no attempt is made to change anything, this is
called from within a running X program, the syntax-directed
editor, and X sometimes complains about the same application
initializing twice.

*/

toplevel = XtVaAppInitialize(&app, Odummy_app', NULL, 0,
&argc, argv, NULL, NULL);

display-ptr = XtDisplay(toplevel);
window = DefaultRootWindow(displayptr);
data[O] = strdup(IREFRESH");
data[l] = NULL;
XStringListToTextProperty(data, 1, &textprop-return);
display-id atom = XInternAtom(display_ptr, NWINDOW_ID",

False);
XGetWindowProperty(displayptr, window, display_id_atom, 0,

1, False, XA_WINDOW, &actualtypeatom,
&actualformat, &items_returned,
&bytes-remaining, &propertypointer);

property-data = (Window *) property-pointer;
)

bigevent->type = ClientMessage;
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big-event->xclient .window = *property-data;
big-event->xclient.format = 8;
strcpy(big-event->xclient.data.b, message);
status = XSendEvent(display-ptr, *property-data, True, 0,

big-event);
XFlush(display-ptr);

1*Writes data to disk and tells the graph viewer to refresh
its display from disk.

void refresh()
STATUS status;

status = store-datao;
if (status == SUCCEEDED)

send_event (GEDATAINI);
else

printf('Problems writing data for graph viewer.\n");

V* Invokes the graph editor.

void edit()
STATUS status;
FILE *tool-file;
char buffer[INPUT_LINE_SIZE + 1),

filebuffer[2 * INPUT_LINESIZE], home~dir;
struct passwd *user-pass;

status = store-datao;
if (status == SUCCEEDED)(
user-pass = getpwuid(getuid());
strcpy(filebuffer, user-pass->pw...dir);
strcat(filebuffer, "Ibin/tool_location.txtN);
if((tool-file = fopen(filebuffer. Wrt')) == NULL)
printf(NTool location file not found.\nN);

else (
fscanf (tool-file, Ms, buffer);
while((strcmp(buffer, 'graph~editor:') != 0) &&

(!feof(tool~file)))
fscanf(tool-.file, "%s', buffer);

if( !feof(tool-file)) (
fgets(buffer, INPUT_LINESIZE, tool_file);
system(buffer);
status = retrieve_datao;
if (status == SUCCEEDED)(

#ifdef GEDEBUG
if(level-change...direction == UP)
printf(NChange up\nN);

else
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if(level-change-direction == SAME)
printfC"No level change.\nf);

else
printf("Change level: %s\nff, goto-child);

#endif

else
printf(uUnable to correctly interpret edited data.\nO);

else
printf('"Tool file did not contain the \ffgraph~editor\ff param~eter.\no);

else
printf(mProblems storing data for graph editor\no);

fclose(tooljfile);

void kill__viewer()

send-event ("GEQUITO);
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Name: globals.h
Author: Capt Robert M. Dixon
Program: sde
Date Modified: 12 Sep 92
Remarks: Provides the global variable declarations for

the syntax-directed editor and the interface
routines.

originally created by Professor Valdis Berzins and
modified by Professor Fernando Naveda and Capt Robert
M. Dixon.

#ifndef GLOBALS_H
#define GLOBALSH 1

OPNodePTR the~operator_list;
STPTR the-stream list;
HeadPtr prototype;
HeadPtr current-graph;
mnt opjidcount;
mnt level-change-direction;
char *goto-child;

#endif
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Name: graph-editor.C
Author: Capt Robert M. Dixon
Program: grapheditor
Date Modified: 21 Sep 92
Remarks: graph_editor.C is the main program for the

CAPS '93 graph editor.- Depending on the command line
parameters, it allows either viewing only or full
editing of a graph passed by the CAPS '93 syntax-
directed editor.

graph_editor accepts one command line
parameter. Invoked with the -v parameter, it runs in
view mode, allowing only viewing of the graph.
Otherwise, it allows full screen editing.

When invoked, grapheditor looks for an input
text file specifying the attributes of the graph.
This file is currently named 'gedatatransfile.txt'.
If this file is not found the editor uses a blank
canvas.

Unless specified otherwise, on termination
the editor writes the attributes of the current
graph in an output text file currently named
'gedatatransfile2.txt'.

General Comments:

The XmProcessTraversal function is called numerous
places in an attempt to keep the keyboard input focus
in the drawing window. This allows the editor to
respond to the delete and backspace key. This works
with varying degrees of success.

Credits: Portions of code are adapted from the following:

Barakati, Naba, X Window System Programming, SAMS,
1991.

Heller, Dan, Motif Programming Manual, O'Reilly and
Associates, 1991.

Johnson, Eric, and Reichard, Kevin, X Window
Applications Programming, MIS Press, 1989.

Young, Douglas, Object Oriented Programming With C++
and OSF/Motif, Prentice-Hall, 1992.

************************************************************** */ 1

#include <stdlib.h>
#include <Xm/MainW.h>

148



#include <Xm/DrawingA.h>
#include <Xm/RowColumn.h>
#include <Xm/ScrolledW.h>
#include <Xm/DrawnB.h>
#include <Xm/Form.h>
#include <Xm/TextF.h>
#include <Xm/Text.h>
#include <stream.h>
#include <Xm/SelectioB.h>
#include <Xm/LabelG.h>
#include <Xm/ToggleBG.h>
#include <Xll/Xatom.h>
#include <Xm/List.h>
#include <Xm/MessageB.h>
#include Ograph-objectlist.h M

#include "operator-object.h"
#include "spline-object.h'
#include "streamobject.h"
#include Igedefs.h"

// MA.XCOLORS is the number of colors defined to the editor.
// To aud or subtract colors, this value must be modified.

#define BUTTONWIDTH 75

// graph-editor has a number of global variables due to
// Motif's use of callback functions. Since these functions
II have fixed formal parameter lists, global variables must
I/ be used to pass some data between functions.

I/ All drawing commands are executed on both drawing-a and
// drawingareapixmap. drawing-a is the visible canvas, while
// drawingareapixmap provides a backup. When the canvas needs
// to be redrawn, the drawing in drawing-area pixmap is merely
II copied back onto the ce"v.ýs.

// colors(] is a list of predefined X colors. To use others,
// consult an X reference giving allowable color names. Using
// the predefined colors allows the user to specify color
I/ preferences in X resource text files.

/1 graphiclist is a GraphObjectList containing all the
// visible operators and streams.

Ii selected.object-ptr always points to the object selected
I/ (i. e. with handles around it) on the drawing canvas.

// numdel-ops is the number of deleted operators, and
/ del-op-id is an array of identifiers for deleted operators.

// The Resrcs struct, resources(], and options[] are used
// by Motif for parsing the command line options

GC std-graphicscontext, dotted_context, erase_context;
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Dimension width, height;
Pixmap drawing_,area..pixmap;
Widget drawing-a, graphtitle, tool_indicator;
BOOLEAN state-stream = FALSE, alt_selected = FALSE;
char* colors[] ('Aquamarine', 'Black', 'Blue', 'BlueViolet',

'Brown', 'CadetBlue', "Coral'f,
"CornflowerBlue', "Cyan', 'DarkGreen",
"ODark~liveGreen', 'DarkOrchid',
"DarkSlateBlue', 'DarkSlateGreyff,
'DarkTurquoise', 'DimGrey', 'Firebrick'f,
"ForestGreen', 'Gold', 'Goldenrod', 'Grey'f,
'Green', 'GreenYellow', 'IndianRed', 'Khaki',
'LightBlue'f, 'LightGrey', 'LightSteelBlueff,
'LimeGreen'f, 'Magenta', 'Maroon',
'MediumAquamarine', 'MediumBlue',
'MediumOrchid', 'MediumSeaGreen'f,
'MediumS lateBlue'. 'MediumSpringGreen',
'MediumTurquoise', 'MediumVioletRed',
'MidnightBlue'f, 'Navy', 'Orange'f, 'OrangeRed',
'Orchid', 'PaleGreen'f, 'Pink', 'Plum', 'Red'f,
'Salmon', 'SeaGreen', 'Sienna', 'SkyBlue',
'SlateBlue', 'SpringGreen', 'SteelBlue'f,
'Tan', 'Thistle'f, 'Turquoise'f, 'Violet'f,
'VioletRed', 'Wheat', 'White', 'Yellow',
'YellowGreen');

unsigned long color_table[MAXCOLORS + 1];
TOOL-STATE tool-state = SELECTTOOL;
GraphObjectList graphic-list;
Graphobject* selected-object-ptr = NULL;
Display *display-ptr;
Window drawý_window;
mnt default_color =WHITE;

mnt default-font =COURIERBOLD12;

mnt numk-del~ops =0, del-opjidMAXDELETEDOPS];

struct _resrcs(
mnt viewer;

IResrcs;

static XtResource resourcesH[
('viewer'f, 'Viewer'f, XxnRBoolean, sizeof (int),
XtOffsetOf(struct _resrcs,viewer), XmRlmmediate, False),

static XrmOptionDescRec options(] (
('-v'f, 'fviewer', XrmoptionNoArg, 'True'),

II error-jbox displays a Motif dialog box with the given
IIerror message. The dialog box is created the first time
IIit is used. subsequent calls change the text string and
IIredisplay the dialog box.

void error....box(cbar *error..Jessage)(
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static Widget error~dialog =NULL;
Arg arg(1];
XmString t;

if (error-dialog == NULL)
error-dialog = XmCreateMessageDialog(drawing-a, "error",

arg, 0);
XtVaSetValues (XtParent (error-dialog),

XtNtitle, 'Error",
NULL);

XtUnxnanageChild(XmMessageBoxGetChild (error-dialog,
XniDIALOGHELPBUTTON)); IIHide help button

t = XmStringCreateSimple(error message);
::tVaSetValues (error-dialog,

XmNmessageString, t,
NULL);

XmStringFree(t);
XtManageChild (error_.ýialog);

II Initializes the color table.

void initialize-color~table(Screen *screen){
Colormap color-map = DefaultColormapafScreen (screen);
XColor color, unused;
mnt i, screen-depth =DefaultDepthOfScre~en(screen);

if (screen-depth > 1) ( I a color screen
for(i = 1; i <= MAXCOLORS; i++) (

if( !XAllocNamedColor(display..ptr, color-mjap,
colors~i - 1], &color, &unused))

cout << "Allocated unknown color: I«< colors[i -11

<< endl;
color_table[iJ = color.pixel;

else ( I a black and white screen
for(i = 1; i <= MAXCOLORS; i+i+) (

if(strcmp(colors~i - 1], 'White,) != 0)
color-table~iJ = BlackPixelOfScreen(screen);

else
color~table~i] = WhitePixelOfScreen(screen);

II Executes menu options from the 'graph' menu. This is
IIcalled by either the menu callback function, if the
IIpulldown menus are used, or by the draw() function,
Iiif the alt-key combinations are used.

void handle-graph-options(int item-no)(
char buffer[INPUT-LINE_SIZE];
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XFlush(display-ptr);
switch(item-no)
case 0:

graphic-list.write_to-disk("gedatatransfile.txtM ,
SAME);

break;
case 1:

graphic-list.build_fromý_disko;
graphic-list.drawo;
break;

case 2:
sprintf(buffer, axwd -id %d I xpr -device ps I lpr -hPcap',

XtWindow (drawing~a));
system (buffer);
break;

case 3:
if (selected -object~ptr == NULL)

error box(,Please select an operator');
else (

if(selected-Object-ptr->is-a( == OPERATOROBJECT)(
graphic-list .write_toý_disk( "gedatatransfile2 .txt"f,

selected-object...ptr->id U);
exit (0);

else
error-box("Please select an operator"f);

break;
case 4:

graphic-list.write-to..disk("gedatatransfile2.txtN, UP);
exit(0);

case 5:
graphic-list.write_to...disk(Ngedatatransfile2.txt', SAME);
exit (0)
break;

case 6:
graphic-list .write_to...disk("gedatatransfile2 .txt", NOUPDATE);
exit (0)
break;

default:
break;

II This function is called by the window manager when a
/1menu option from the 'graph' pulldown menu is selected. Its
IIaddress is passed as a parameter to X when the menus are
IIdefined.

static void graph cb(Wiriy-t, Xt~o4rnter client_data, XtPointer)(
mnt item-no = (int) client__data;

handle...graph-opt ions (it emrno);
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II This function is called when a selection is made from

IIthe list box displayed in the 'drawý_options:Color' menu.

void color-list cb(Widget widget, XtPointer,
XtPointer cb-struct-ptr){

XrnListCallbackStruct *ljst-struct~ptr=
(XmListCallbackStruct *)cb-struct~ptr;

if(selected-Object~ptr NULL) (
if(selected-object~ptr->is~a( == OPERATOROBJECT)(
selected object~ptr->erase 0;
selected object~ptr->set_color(

list-struct-ptr->item-position);
selected-object~ptr->draw(SOLID);

else
default-color =list-struct-ptr->iteniposition;

XtDestroyWidget (widget);

1/This function is called when a selection is made from
/1the list box displayed in the 'draw~options:Font' menu.

void font_listcb(Widget widget, XtPointer,
XtPointer cb-struct~ptr){

XmListCallbackStruct *list-struct-..ptr =
(XmListCallbackStruct *)cb~struct~ptr;

if(selected-object-ptr NULL)
selected-object~ptr->eraseo;
selected-object~ptr->set~object~font(

list -struct~ptr->item-position);
selected~object-ptr->draw(SOLID);

else
default-font = list-struct-ptr->item-position;
graphic_list.set-default~font(default_font);

XtDestroyWidget (widget);
XmProcessTraversal (drawing~a, XmTRAVERSECURRENT);

/1This function is called when a selection is made from
IIthe list box displayed in the 'drawoptions:Undelete operator'
IImenu.

static void op-list-cb(Widget widget, XtPointer,
XtPointer cb-struct-ptr)(

XnmListCallbackStruct *list-struct-ptr =
(XmListCallbackStruct *) cb-struct~ptr;
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/1The last entry in the list is 'Cancel'.
if(list_struct-ptr->item-position !=nuin-del-ops + 1)(
graphic-list, set_undeleted (OPERATOROBJECT,

del~op~id[list-struct-ptr->item-position - 1]);
graphic-list.drawo;

XtDestroyWidget (widget);
XmProcessTraversal (drawing~a, XmTRAVERSECURRENT);

// Executes menu options from the~ 'Draw Options' menu. This is
/1called by either the menu callback function, if the
1/pulidown menus are used, or by the draw() function,
IIif the alt-key combinations are used.

void handle-draw-options(int item-no)(
mnt i, num items = XtNuxnber(colors);
XmStringTable color_list, font~list, opjlist;
Widget list_box, op box;
char *del~opstr[MAXDELETEDyOPSJ;

switch(item-no)
case 0:

color-list
(XmStringTable) XtMalloc(nuxnj tems * sizeof(XmString *)

fcor(i = 0; i < nurn items; i++)
color_list[i] = XmStringCreateSimple(colorsl);

list-box =
XmCreateScrolledList (drawing-a, "~Colors', NULL, 0);

XtVaSetValues (list_box,
XmNitems, color-list,
XmNitemCount, num items,
XnNvisibleltemCount, 8,
NULL);

for(i = 0; i < num items; i++)
XmStringFree(colorjlist~iJ);

XtFree((char *) color-list);
XtAddCallback (list box, XmNdefaultActionCallback,

color_list_cb, NULL);
XtManageChild (list-box);
break;

case 1:
font-list=

(XmStringTable) XtMalloc(MAXFONTS * sizeof(XmString *)
for(i = 0; i < MAXFONTS; i+,+)

font_list[i] =

XmStringCreateSimple(graphic-list.font_name(i + 1));

list-box =
XmCreateScrolledList (drawing-a, 'Fonts', NULL, 0);

XtVaSetValues Clist~box,
XmNitems, font~list,
XmNitemCount, MAXFONTS,
XmNvisibleltemCount, 7,
NULL);
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for(i = 0; i < MAXFONTS; i++)
XmStringFree(font-list[i]);

XtFree((char *) font-list);
XtAddCallback(list-box, XmNdefaultActionCallback,

font-list-cb, NULL);
XtManageChild(list-box);
break;

case 2:
if (selected_object~ptr !=NULL)(

selected-object-ptr->unselect o;
selected-object~ptr = NULL;

graphic-list .get del~op~list (del-op-str, del-op-d,
nuriL_del~ops);

op-list = (XrnStringTable)
XtMalloc((num-del-ops + 1) * sizeof(XmString *)

for(i = 0; i < n'um-del..ops; i++)
opjlist(i] = XmStringCreateSimple(del~oppstr[i]);

op-list Enum-el~ops] = XmStringCreateSimple( "C;ancel");
op-box = XmCreateScrolledList (drawing-a, "'UndeleteO,

NULL, 0);
XtVaSetValues (opbox,

XmNitems, op list,
XmNitemCount, nuink.del-ops + 1,
XmNvisibleltemCount, 7,
NULL);

for(i = 0; i < num n del..ops + 1; i++)
XmStringFree(opjlist~i]);

XtFree((char *) op-list);
XtAddCal lback (op-box, XxnNdefaultActionCallback,

op-list-cb, NULL);
XtManageChild (op~box);
break;

default:
break;

XmProcessTraversal (drawing~a, XmnTRAVERSECURRENT);

/1This function is called by the window manager when a
IImenu option from the 'Draw Options' pulidown menu is
IIselected. Its address is passed as a parameter to X when
IIthe menus are defined.

static void draw-options-cb(Widget, XtPointer client~data,
XtPointer)

mnt item-no = (int) client data;

handle-draw-options(item-no);

I' This function is called by the window manager when a
/1menu option from the 'Help, puildown menu is
1/selected. Its address is passed as a parameter to X when
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// the menus are defined.

static void help~cb(Widget, XtPointer, XtPointer) 9

/* =--------------Not USED !!!! _

void set-color(Widget widget, char *color)(
Display *dpy =XtDisplay(widget);

Colormap cmap =DefaultColormapOfScreen(XtScreen(widget));
XColor col, unused;

if(!XAllocNaxnedColor~dpy, cmap, color, &col, &unused))
error box("Can't allocate color");
return;

XSetFoi~eground(dpy, std-graphics-context, col.pixel);

IIBuilds the top line menu bar.

void build-menu-bar (Widget &main-w, Widget &menubar)(
XmString graph, draw-options, color-options, help, save, print,

decompose, edit-parent, return_sde, font-options,
undelete-operator, restore, quit no save;

Widget widget;

graph = XmStringCreateSimple(OGraph");
color-options =XmStringCreateSimple("Color");
draw-options =XmStringCreateSimple ("Draw Options');
help = XmStringCreateSimple(mHelpff);
save = XmStringCreateSimple("Save and Continue,);
restore = XmStringCreateSimple(mRestore From Save");
print = XmStringCreateSimple(mPrint");
decompose = XmStringCreateSimple("Decompose");
edit-parent = XmStringCreateSimple('Edit Parent");
return-sde = XmStringCreateSimple(mReturn to SDE");
quit-no-save = XmStringCreateSimple("Quit Without Saving");
font-options = XmnStringCreateSimple("Font");
undelete-operator = XmStringCreateSimple(OUndelete Operator");

menubar = XmVaCreateSimpleMenuBar(main..y, Imenubar",
XmVaCASCADEBUTTON, graph, NULL,
XmVaCASCADEBUTTON, draw-Opt ions, NULL,
XmVaCASCADEBUITON, help, 'H', NULL);

if (widget = XtNameToWidget(menubar, "button_2"))
XtVaSetValues (menubar, XmNmenuHelpWidget, widget, NULL);

XmVaCreateSimplePulldowniMenu (menubar, mgraphjnenu", 0,
graph~cb,

XxnVaPUSHBUTTON, save, '5', NULL, NULL,
XmVaPUSHBUTTON, restore, 'e', NULL, NULL,
XmVaPUSHBUTTON, print, 'P', NULL, NULL,
XmVaPUSHBUTTION, decompose, 'D', NULL, NULL,
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XmVaPUSHBUTTON, edit~parent, 'i', NULL, NULL,
XmVaPUSHBUTTON, return sde, 'R', NULL, NULL,
XmVaPUSHBUTTON, quit_no_save, 'Q',, NULL, NULL,
NULL);

XmVaCreateSimplePulldownMenu (menubar, "draw-Options", 1,
drawAýopt ions~cb,

XmVaPUSHBUTTON, color~options, 'C', NULL, NULL,
XmVaPUSHBU'ITON, font~optionsi 'F', NULL, NULL,
XmVaPUSHBUTTON, undelete~operator, 'U', NULL, NULL,
NULL);

XmVaCreateSimplePulldownMenu (menubar, "help__menu", 2, help~cb,
XmVaPUSHBUTTON, help, 'H', NULL, NULL,
NULL);

XmStringFree (graph);
XmStringFree (draw-opt ions);
XmStringFree (color-Options);
XrnStringFree(help);
XmStringFree (save);
XmStringFree (restore);
XmStringFree (print);
XmStringFree (decompose);
XmStringFree (edit-parent);
XmStringFree(quit-no-save);
XmStringFree(return_sde);
XmStringFree (font~opt ions);
XmStringFree(undelete__operator);

II Creates the push buttons used to select the tools.

void make-buttons(Widget &rowcol, widget &op-button,
Widget &term-button, Widget &streamk-button,
Widget &propertybut ton,
Widget &select~button,
Pixmap &op-button~pixmap,
Pixmap &term-button-pixmap,
Pixmap &stream-button-pixmap,
Pixmap &property~button-pixrnap,
Pixmap &select-button-pixmap,
Display *display~ptr, Screen *screen~ptr)

Window root-window = RootWindowOfScreen(screen-ptr);
unsigned mnt screen-depth = DefaultDepthOfScreen(screen~ptr);

op-button-pixniap = XCreatePixmap(disp3..,yptr, root-window,
BU'ITONWIDTH, BUTTONWIDTH, screen-depth);

term-button-pixmap = XCreatePixmap(display~ptr, root-window,
BUTTONWIDTH, BUTTONWIDTH, screen -depth);

streamnbutton-pixmap = XCreatePixmap(display-ptr, rootwyindow,
BUTTONWIDTH, BUTT'ONWIDTH, screen~depth);

property .button~pixmap =

XCreatePixmap (display-ptr, root_wyindow,
BUTTONWID'rH, BUTTONWIDTH, screen~depth);

select-button-pixxnap = XCreatePixmap(display~ptr, root-window,
BUTTONWIDTH, BUTTONWIDTH, screen-depth);
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XFillRectangle (display-ptr, (Drawable) op~button~pixmap,
erase_context, 0, 0, BUTTONWIDTH, BUTTONWIDTH);

XFillRectangle(display-ptr, (Drawable) term -button-pixmap,
erase_context, 0, 0, BUTTONWIDTH, BUTTONWIDTH);

XFillRectangle (display~ptr, (Drawable) stream button~pixmap,
erase_context, 0, 0, BUTTONWIDTH, BUTTONWIDTH);

XFillRectangle (display-ptr, (Drawable) property-button-pixmap,
erase_context, 9, 0, BUTTONWIDTH, BUITONWIDTH);

XFillRectangle (display~ptr, (Drawable) select_ýbutton~pixtnap,
erase_context, 0, 0, BUTTONWIDTH, BU'ITONWIDTH);

XSetLineAttributes (display~ptr, std-graphics context, 2,
LineSolid, CapButt, JoinMiter);

XDrawArc (display-ptr, (Drawable) op-button-pixmap,
std-graphics-context, 10, 10, 45, 45, CIRCLEBEGIN,
FULL_CIRCLE);

XDrawRectangle(display~ptr, (Drawable) term-button-pixmap,
std-graphics-context, 10, 10, 45, 45);

XDrawLine (display-ptr, (Drawable) stream-button-pixmap,
std-graphics-context, 10, 10, 55, 55);

XDrawString (display-ptr, (Drawable) propertybutton~pixmap,
std-graphics-context, 5, 35, "Properties", 10);

XDrawString (display-ptr, (Drawable) select-button~pixnmap,
std~graphics-context, 10, 35, oSelect', 6);

op-button =XtVaCreateManagedWidget (Oop-button",
xmDrawnButtonWidgetClass,
rowcol,
XmNrecomputeSi ze, FALSE,
XmNpushButtonEnabled, TRUE,
XmNwidth, BUTTONWIDTH,
XmNheight, BUTTONWIDTH,
XmNlabe lType, XrnPIXMAP,
XmNlabelPixmap, op-button-pixmap,
NULL);

term-button =XtVaCreateManagedWidget('term -button",
xmDrawnButtonWidgetClass,
rowcol,
XmNrecomputeSize, FALSE,
XmNpushButtonEnabled, TRUE,
XmNwidth, BUTT~ONWIDTH,
XmNheight, BUI'ONWIDTH,
XmnNlabe iType, XxnPIXMAP,
XmNlabelPixunap, term__button~pixmap,
NULL);

stream_button XtVaCreateManagedWidget("streamrýbutton",
XmDrawnButtonWidgetClass,
rowcol,
XmNrecomputegize, FALSE,
XniNpushButtonEnabled, TRUE,
XmNwidth, BU¶ITONWIDTH,
XmNheight, BUTTONWIDTH,
XmNlabelType, XmPIXMAP,
XmNlabelPixmap, streamr~button~pixmap,
NULL);
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propertyjbutton =XtVaCreateManagedWidget ( property~button",
xinDrawnButtonWidgetClass,
rowcol,
XmNrecomputeSize, FALSE,
XniNpushButtonEnabled, TRUE,
XmNwidth, BUTTONWIDTH,
XmNheight, BUTTONWIDTH,
XmNlabelrype, XmPIXMAP,
XmNlabelPixrnap, property-button~pixinap,
NULL);

select_button XtVaCreateManagedWidget("select_ýbutton",
xmDrawnButtonWidgetClass,
rowcol,
XmNrecoxnputeSize, FALSE,
XinNpushButtonEnabled, TRUE,
XmNwidth, BUTTONWIDTH,
XxnNheight, BUTTONWIDTH,
XmNlabelType, XmPIXMAP,
XniNlabelPixmap, select~button~pixmap,
NULL);

XSetLineAttributes (display-ptr, std~graphics~context, 1,
LineSolid, CapButt, JoinMiter);

1/ Redraws the drawing canvas.

void redraw(Widget, XtPointer,
XtPointer cbs) (

XxnDrawirigAreaCallbackStruct *temp-ptr;

temp-ptr = (XrnDrawingAreaCallbackStruct *)cbs;
XCopyArea (temp~ptr->event->xexpose .display,

drawing~area-pixmap, temp-ptr->window,
std-graphics-context, 0, 0, width, height, 0, 0);

II Draws a square black box on the canvas to aid in
//graphic manipulation of objects.

void draw-handle(GC graphics-context, mnt x, mnt y)

x -= HANDLESIZE /2;
Y -~ HANDLESIZE /2;

if(x < 0)
x =0;

if(y < 0)
y =0;

When the display function is set to GXxor, the pixel being
//written is exclusive-or'ed with the target pixel to
IIdetermine color. This means that writing the same pixel with
IIthe same color twice restores the original color, simplifying
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/1 the process of erasing handles.

XSetFunction(displayptr, graphics-context, GXxor);
XFillRectangle(displayptr, drawwindow, graphicscontext,

x, y, HANDLESIZE, HANDLESIZE);
XFillRectangle(display-ptr, drawingareapixmap,

graphicscontext,
x, y, HANDLESIZE, HANDLESIZE);

XSetFunction(displayptr, graphics-context, GXcopy);

// This function erases the temporary guidelines used when
// streams are drawn.
II Dotted lines are erased first, then handles. Since each
// handle is overwritten with the following dotted line, an
// erased handle makes an erased blotch in the beginning of the
// next segment. When the next segment is written in xor mode,
// it makes a black mark where the erased handle overwrote the
II beginning of its segment.

void erase-guides(int fromstreamjid, SplineObject temp-spline) C
OperatorObject *temp-operator-ptr;
XYPAIR linestart, lineend;

temp-spline.resetitero);
if(from_streamid != 0) (

temp operator-ptr = (OperatorObject *)
graphic-list.target-object(OPERATOROBJECT, fromstream_id);

line-start = temp-operator-ptr->center();
I
else

linestart = temp-spline.next-pairo;
lineend = temp-spline.nextpair);
while(line-end.x != -1) (

XDrawLine(display-ptr, drawwindow, dottedcontext,
linestart.x, linestart.y, lineend.x,
lineend.y);

XDrawLine(display-ptr,drawingarea-pixmap, dottedcontext,
linestart.x, linestart.y, lineend.x,
lineend.y);

linestart = lineend;
lineend = temp-spline.nextpair(;

I

temp-spline.reset_iter();
line_end = tempspline.next-pairo;
while(lineend.x != -1) (

drawhandle(stdgraphicscontext, line_end.x, line-end.y);
lineend = temp-spline.next-pair(;

)

// This function is called when a stream is being drawn
// and the mouse is clicked on either a clear spot on the
II drawing canvas, or on top of another stream. If a double-
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//click is registered, the user wants to terminate an external
IIstream.

void handle-null-point(int from-streaxnjd, mnt &last~point-x,
mnt &last~point~y,
mnt &x-state, mnt &y~state,
XEvent in_event,
SplineObject &temp-spline, BOOLE5N &done,
GraphObj ect *&temp-obj ect~ptr,
StreamObject *&temp-stream~ptr)

IIChecks for two clicks in the same spot.

if((from_stream_id !=0) &&
((iast-point-x - (HANDLESIZE / 2) - HITFUDGE)
< in-event.xbutton.x) &&
((last~point-x + (HANDLESIZE / 2) + HITFUDGE)
> in-event.xbutton.x) &&
((last-point~y - (H.ANDLESIZE / 2) - HITFUDGE)
< in-event.xbutton.y) &&
((last-point-y + (HANDLESIZE / 2) + HITFUDGE)
> in-event.xbutton.y))

erase_guides(from_streamjid, temp-spline);
mnt new-id = graphic-list requestid (STREAMOBJECT);
temp-stream-ptr = new Streamabject(II, newjid,

from_streamjid,
0, 0, temp~spline, TRUE,
FALSE);

temp~stream~ptr->set-object-ptrs(&graphic-list);
graphic list.add(temp-stream-ptr);
temp~stream~ptr->draw(SOLID);
temp..stream~ptr = NULL;
temp~object~ptr = NULL;
done = TRUE;
temp-spline .clear o;

else{
x-state = in-event.xbutton.x;
y-state = in-event.xbutton.y;
temp-spline.add(x..state, y~state);
XDrawLine(display-ptr, draw-window, dotted_context,

last~point~x, last~point-y, x state, y~state);
XDrawLine (display-ptr, drawing-area-pixmap, dotted_context,

last~point~x, last~point-y, x state, y~state);
draw-handle(std~graphics_context, x~state, y~state);

#ifdef GEDEBUG
cout << "ge: « < x_state << << y-state << <

HANDLESIZE << endl;
#endif

last-point-x =x_state;
last~point..y = y~state;
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II Once the user selects the Stream Tool and begins to draw,
IIthe draw-stream() function handles all events to speed up
IIperformance.

void draw-stream(int initial-x, mnt initial-Y)(
GraphObj ect *temp-obj ect-ptr;
OperatorObject *conv-ptr;
XYPAIR temp-pair;
mnt from-stream-id, x-state, y-state, last~point-x,

last~pointjy;
unsigned long stream event mask

(ButtonPressMask I PointerMotioniMask);
unsigned long normal-mask = (ButtonPressMask IKeyPressMask

ButtonMotionMask I ExposureMask
ButtonReleaseMask);

XEvent in~event;
StreamObject *temp-stream~ptr;
Splineobject temp-spline;
BOOLEAN done = FALSE;

temp~object~ptr = graphic-list.hit(initial -x, initial~y);
if(temp-object-ptr == NULL) C IExternal stream

from-stream-id = 0;
temp-spline.add(initial-x, initial-y);
x-state = initial-x;
y-state = initial-y;
draw-handle(std-graphics-context, x-state, y~state);

else
if(temp-object-ptr->is-ao)1 OPERATOROBJECT)
IIExternal Stream

from-stream-id =0;
temp~spline.add(initial-x, initial~y);
x_state = initial~x;
y-state = initial-y;
draw-handle(std-graphics-context, x-state, y-stat(;);

else
conv-ptr = (OperatorObject *) temp~object~ptr;
from-stream-id =conv~ptr->ido;

temp-object~ptr =NULL;

temp-pair = conv~ptr->centero;
x-state = temp-pair.x;
y-state = temp~pair.y;

last-point-x = x-state;
last-point-y = y-state;
XSelect Input (display-ptr, draw-window,

stream-event mask);
while(done == FALSE) ( // monitors the event loop

XNextEvent (display~ptr, &in-event);
if(in~event.xbutton.window == draw-window){
switch (in~event type){
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case MotionNotify:

#ifdef GEDEBUG
cout << "Motion' << endi;

#endif

XDrawLine (display-ptr, draw-window, dotted-context,
last~point-x, last-point~y, x-state, y~state);

XDrawLine (display~ptr, drawing-area-pixmap,
dotted-context, last~point~x, last-point~y,
x~state, y~state);

x-state = in-event.xbutton.x;
y_state = in -event.xbutton.y;
XDrawLine (display-ptr, draw-window, dotted-context,

last~point-x, last-point-y, x~state, y~state);
XDrawLine (display-ptr, drawing-area~pixmap,

dotted-context, last~point-x, last-point~y,
xý_state, y~state);

break;
case ButtonPress:

#ifdef GEDEBUG
cout << "buttonpress << endi;

#endif
XDrawLine Cdisplay~ptr, draw-window, dotted-context,

last-point-x, last-point-y, x~state, y~state);
XDrawLine (display-ptr, drawing-area-pixmap,

dotted-context, lastp.Ioint-x, last~point~y,
x_state, y~state);

temp~object~ptr = graphic-list.hit (in-event .xbutton.x,
in-event .xbutton.y);

if(temp-object~ptr == NULL) (
handle-null-point(fronistreamr_id, last~point-x,

last-point~y, x~state, y~state,
in_event, temp~spline, done,
temp-object~ptr, temp~stream~ptr);

else
if(temp--object-ptr->is_a() == OPERATOROBJECT)
erase~guides(from ýstreamjid, temp~spline);
int new-id = graphic-list requestid (STREAMOBJECT);
temp~stream~ptr =

new StreaxnObject(mm, new-id, from-streamjid,
temp-obj ect~ptr->id o, 0,
temp~spline, TRUE, FALSE);

temp-streamiptr->set-object-ptrs(&graphic~list);
graphic_list.add(temp-stream ptr);
temp-streamnptr->draw(SOLID);
temp-stream~ptr = NULL;
temp~object~ptr = NULL;
done = TRUE;
temp...spline clear 0;

else
if (temp~object-ptr->is-ao( == STREAMOBJECT)
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handlenull-point(from streamjid, last-point-x,
last-pointy, xstate, ystate,
inevent, temp-spline, done,
temp-objectptr, tempstream_ptr);

)
break;

//switch
) //if right window
/ I/while done == FALSE

done = FALSE;
XSelectInput(display-ptr, draw-window, normalmask);

// Draws the outline of the text being moved.

void drawtextshadow(int x, int y, int width, int height) {

XDrawRectangle(display-ptr, drawing-area-pixmap,
dottedcontext, x - width / 2, y - height / 2,
width, height);

XDrawRectangle(display-ptr, drawwindow, dottedcontext,
x - width / 2, y - height / 2, width, height);

II The main draw routine. This function is called by the
II window manager every time the mouse is moved, a mouse button
// pressed, or a key pressed inside the draw window. It is
// called with a string token that indicates why it was called,
II and processes the event accordingly.

void draw(Widget, XEvent *event, String *args, Cardinal *) (
static OperatorObject *tempoperatorptr = NULL;
static StreamObject *tempstream-ptr = NULL;
static BOOLEAN firstdraw = TRUE, handleselected = FALSE,

textselected = FALSE, drawing-changed = FALSE;
static int xstate, y-state, shadowheight, shadowwi2.th,

fromstreamid;
GraphObject *temp-objectptr = NULL;
int x = event->xbutton.x;
int y = event->xbutton.y;
OperatorObject *conv-op-ptr;
SplineObject tempspline;
StreamObject *conv stptr;

#ifdef GEDEBUG
cout << args[0] << endl;

#endif

if(strcmp(args[O], "down") == 0) { // Button pressed
XmProcessTraversal(drawinga, XmTRAVERSECURRENT);
x state = x;
y-state = y;
if(tool_state == SELECT-TOOL)

if(selected-object-ptr != NULL) (
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if(selected-object-ptr->hit-handle(x, y))
handle-selected = TRUE;
if~selected-object~ptr->is~ao)= OPERATOROBJECT)
delete temp--operator~ptr;
conv-op-ptr = (OperatorObject *)selected~object~ptr;
temp__operator~ptr =

new OperatorObjectC'", 0, 0, convop-ptr->xC),
- conv~op~ptr->y o,

conv-op-ptr->radiuso(,
default~color, FALSE,
conv-op-ptr->is-composite(),
conv~op-ptr->is-terminatoro)f;

temp-operator-ptr->set-handle-selected(
conv~opptr->handle-selectedoC);

else ( /Unselects previously selected object
handle-selected = FALSE;
selected-object-ptr->unselecto;
selected~object~ptr = NULL;
delete temp~operator~ptr;
temp-operator-ptr = NULL;

if (handle_selected == FALSE)(
temp--object-ptr = graphic-list-hit Cx, y);
if(temp-object-ptr !=NULL)(

temp-object-ptr->select U;
selected-object-ptr = temp-.object-ptr;
text-selected = selected-object-ptr->text-selectedo;
if(temp-object-ptr->is__a() == OPERATOROBJECT)

// Makes temporary operator to move around
delete temp-operator~ptr;
conv0p~ptr = (OperatorObject *) temp-object-ptr;
t emp-operator-ptr =

new OperatorObject(40, 0, 0, conv-op-ptr-.>xC,
convop-ptr->y C),
convOp~ptr->radius U.
default-color, FALSE,
conv-opptr->is-compositeoU
conv-opptr->is-terminator(U);

else { INo object selected
temp-object~ptr = NULL;
selected-object~ptr = NULL;
delete temp__operator~ptr;
temp-operator~ptr = NULL;

else ( Ibutton down, operator tool selected?
if((tool_state ==OPERATORTOOL) 11

(tool_state ==TERMINATORTOOL))
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int new-id = graphic-list.requestjid(OPERATOROBJECT);
if (tool state == OPERATOR TOOL){
temp-operator-ptr=

new OperatorObject("", new-id, 0, 0, 0, 20,
default_color, TRUE, FALSE,
FALSE);

temp-operator~ptr->set-location(x, y);

else
if (tool-state == TERMINATORTOOL)(
temp-operator-ptr

new OperatorObject("", new id, 0, 0, 0, 20,
default-color, TRUE, FALSE,
TRUE);

temp-operator~ptr->set-location(x, y);

graphic-list add ((GraphObject *) temp-- operator..ptr);
temp-operator-ptr->draw (SOLID);
temp-operator~ptr = NULL;

else // button down, stream tool selected?
if (tool state == STREAMTOOL)
draw-stream(x, y);

else /1button not down
if(strcmp(args[0], 'motion') == 0)

if (tool_state == SELECTTOOL)
if(selected-object~ptr !=NULL)(
drawing-changed = TRUE;
if (text-selected) (

if(first-draw ==TRUE)(

shadow-width =selected-object-ptr->text-width();
shadow-height =selected-object~ptr->text-heighto;
draw-text-shadow(x, y, shadow-width,

shadow-height);
first-draw = FALSE;

else
draw-text.-shadow(x-state, y_state, shadow-width,

shadow -height);
draw-text-shadow(x, y, shadow-width,

shadow_height);

else
if (selected-object~ptr->is-a()o OPERATOROBJECT)(

if (handle-selected == TRUE)(

if(first draw == TRUE) {
selected-Object-ptr->erase o;
selected-object-ptr->unselect 0;
selectedtObject-ptr->draw(SOLID);
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temp~operator-ptr->draw (DOTTED);
first-draw = FALSE;

else
temp-operator-ptr->move_ýhandle Cx - x_state,

y - y-state);
//cout << "x: " << x <<« yf << y <<" xstate: <<« x-state <<

y~state: <<« y~state << endi;-

else(
if(first_draw == TRUE)

// Drawing the same thing twice in xor mode erases it. When
//moving an object, it is drawn once the first and last time,
IIand twice afterwards

first_draw = FALSE;
else
tempopperator-ptr->draw (DOTTED);

temp~operator-ptr->move(x - x~state, y - y~state);
temp~operator-ptr->draw (DOTTED);

else(
if (selected-object~ptr->isa() == STREAMOBJECT){

if (handle-selected)f
if(first draw TRUE)(

convý_st~ptr=
(StreamObject *)selected-object~ptr;

conv-st~ptr->erase_handle 0;
draw._handle(std~graphics_context, x, y);
first-draw = FALSE;

else(
draw-handle(std-graphics_context, x-state,

y-state);
draw-handle(std~graphics_context, x, y);
selected--object-ptr->move-handle(

x - x_state,
y - y-state);

x_state = x

y-state = y

else IIbutton not down, mouse not moved
if(strcmp(args[O], 'up') == 0)(

if (tool-state == SELECT_-TOOL)
if (selected object~ptr !=NULL){

if (text selected) (
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if(first-draw == FALSE)
draw-text-shadow(x-state, y~state,

shadow-width, shadow Theight);
selected-object-ptr->text-locate(x, y);

else
if (selected -objectzjptr->isa() == OPERATOROBJECT)

if(first-draw == FALSE) (
temp~operator-ptr->draw (DOTTED);
XYPAIR temp~pair = tempo--perator-ptr->centerO;
conv-op-ptr =

(OperatorObject *) selected-object-ptr;
convop-ptr->set-radius(

temp__operator~ptr->radiusOC);
convop-ptr->set_location (temp~pair .x,

temp-pair.y);
if (handle_selected)
conv-opptr->set-default-text-locationC);

else
if( (selected~object~ptr->is~a( == STREAMOBJECT)

&& (handle_selected))
draw-handle (std~graphics-context, x-state,

y~state);

if(drawing~changed == TRUE)(
graphic list.move-notify(

selected-object-ptr->is~a ,
selected-object-ptr->ido);

graphic_list.drawo;
drawing~changed = FALSE;

handle-selected = FALSE;

first-draw = TRUE;

else

#ifdef GEDEBUG
cout << args(O] << endl;
if(selected-object~ptr == NULL)
cout << selected-object~ptr ==NULL' << endl;

#endif

if(strcmp(args[O], ~key') == 0)

#ifdef GEDEBUG
cout << 'key pressed: *«< event->xkey.keycode << endl;

#endif

if(alt-selected) ( Ialt key pressed
alt-selected = FALSE;
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switch (event->xkey keycode)
case 85:
handle-graph-opt ions (0);
break;

case 63:
handle-graph options (1);
break;

case 70:
handle-graph~options (2);
break;

case 86:
handle-graph~options (3);
break;

case 68:
handle-graph~opt ions (4);
break;

-ase 64:
handle-graph~options (5);
break;

case 61:
handle-graph~options (6);
break;

case 109:
handle-draw_options(0);
break;

case 87:
handle-draw-options(l);
break;

case 67:
handle-draw-woptions(2);
break;

case 26:
alt-selected = TRUE;
break;

default:
break;

else
if(event->xkey.keycode == 26)
alt-selected = TRUE;

else
if(selected-object-ptr !=NULL){

if((event->xkey.keycode ==50) 11 I backspace key
(event->xkey.keycode ==73)) ( Idelete key

selected-object-ptr->erase();
mnt deleted-opjd = selected object~ptr->ido;
graphic list .delete-notify (selected-object-ptr->

is~a(, deletedtopjid);
selected-object~ptr->set_deletedo;
selected-object-ptr = NULL;
graphic.jiqt .drawo;
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ii Checks to see whether the indicated string
//represents a valid number.

BOOLEAN valid-num-string(char *nllm)(
mnt index, numjlength;

if(num !=NULL) (
num-length = strlen(num);
if Cnum length > 0)

for(index = 0; index < nuxnjength; index++){
if((num[index] != \n') &&

(num[index] '-)&&

((nuxn~index] < '0') !1 (num[index] > '9')))
return FALSE;

return TRUE;

return FALSE;

1/ Callback function. Just destroys the widget.

void widget-killer CWidget widget, XtPointer, XtPointer){

XtDestroyWidget (widget);

// Callback function called after user has entered data
/1in the property dialog box. Function reads the data from
//the dialog box and processes it accordingly.

void read~property(Widget widget, XtPointer clientdata,
XtPointer cbs) {

XmSelectionBoxCallbackStruct *temp~ptr;
char *text;
Widget* widget~ptr;
StreamObject *conv-ptr;

selected Object~ptr->eraseoi; // so it can be redrawn
widget~ptr = (Widget *) clientdata;
text = XmTextFieldGetString(*widget-ptr);
if (text != NUILL)
selected-object-ptr->replace-name (text);

temp~ptr = (XmSelectionBoxCallbackStruct *) cbs;
XmgtringGetLtoR (temp~ptr->value, XmSTRINGDEFAULTCHARSET,

&text);
if (valid-num-string(text))
selected~object-ptr->set-constraint(atoi (text));

else
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selected-object-ptr->set-constraint(NULL-VALUE);
if(selected-object~ptr->is~a( == STREAMOBJECT)
conv~ptr = (St~rpamObject *) selected-object~ptr;
conv-ptr->set state-variable(state_stream);

selected_object~ptr->draw(SOLID);
XtDestroyWidget (widget);
XmProcessTraversal (drawing~a, XinTRAVERSECURRENT);

//Callback function. Called when Operator Tool button is
IIpressed.

void opbuttoncb(Widget, XtPointer, XtPointer)(

tool-state = OPERATORTOOL;
XrnProcessTraversal (drawing~a, XXUTRAVERSECURRENT);
if(selected-object~ptr != NULL)(
selected~object-ptr->unselect 0;
selected-object-ptr =NULL;

XtVaSetValues(tool-indicator, XmNvalue, "Operator Tool", NULL);

/1Callback function. Called when Terminator Tool button is
IIpressed.

void term_button_cb(Widget, XtPointer, XtPointer)(

tool-state = TERMINATOR_TOOL;
XmProcessTraversal (draw-ing~a, XmTRAVERSE_CURRENT);
if(selected.object~ptr != NULL) {
selected-object-ptr->unselect U;
selected-object-ptr =NULL;

XtVaSetValues (tool-indicator, XmNvalue, "Terminator Too~l',
NULL);

//Callback function. Called when Stream Tool button is
IIpressed.

void streamL_button_cb(Widget, XtPointer, XtPointer){

tool state = STREAM TOOL;
XmProcessTraversal (drawing~a, XmnTRAVERSECURRENT);
if(selected-object~ptr != NULL)
selected-object-ptr->unselect U;
selected-.object..ptr = NULL;

XtVaSetValues(tool-indicator, XxnNvalue, 'Stream Tool', NULL);

//Callback function. Called when Select Tool button is
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IIpressed.

void select-button~cbCWidget, XtPointer, XtPointer)(

tool-state = SELECTTOOL;
XrnProcessTraversal(drawing~a, XmnTRAVERSE_CURRENT);
XtVaSetValues(tool-indicator, XlrNvalue, "Select Tool", NULL);

II Null Callback.

void null~cb(Widget, XtPointer, XtPointer) (

II Callback function. Called when the radio buttons in the
/1properties dialog box are pushed. Called twice: once to
//unselect old button, again to select the new one.

void radio-box-cb(Widget, XtPointer which,
XtPointer cbs) (

XmToggleButtonCallbackStruct *state-
(XmToggleButtonCallbackStruct *) cbs;

if(state->set)
if((int) which ==0)

state-stream =FALSE;

else
state-stream =TRUE;

// Called when Properties button is selected.

void property-button cb(Widget widget, XtPointer, XtPointer)(

static Widget dialog, operator-name;
XmString t, buttonl, button2;
Arg args[3J;
Widget rc, radio~box;
char *prompt, buffer(INPUTLINE SIZE];
mnt initial-button, constraint;
StreamObject *conv~ptr;
XmString init-value;

if(selected-object~ptr != NULL)(
if(selecte&..object..ptr->is-a()o OPERATOROBJECT)
t = XmStringCreateSimple('Enter Maximum Execution Time:0);

else
if (selected-object~ptr->is~a()= STREAMOBJECT)
t = XmStririgCreateSimple( "Enter Latency:');

selected-object~ptr->set modifiedo;
XtSetArg(args(01, XmNselectionLabelString, t);
XtSetArg(args[l], XmNautoUnmanage, False);
XtSetArg(args(2], XmNuserData, 0);
dialog = XmCreatePromptDialog(widget, "Properties"f, args, 3);
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XmStringFree(t);
if (selected-object~ptr->is~a()= OPERATOROBJECT)
prompt = strdupC"Operator Name:");

else
if (selected-object-ptr->is-a() == STREAMOBJECT)
prompt = strdup("Stream Name:');

rc = XtVaCreateWidget ("rowcol", ,unRowColumnWidgetClass,
dialog, NULL);

XtVaCreateManagedWidget (prompt, xmLabelGadgetClass, rc,
XmNalignment, XmALIGNMENTBEGINNING,
NULL);

operator-name=I
XtVaCreateManagedWidget (otext field",

xmTextFieldWidgetClass, rc, NULL);
//null callback added to make user use ok button or second box.

XtVaSetValues (operator__name, XmNvalue,
selected-object-ptr->nameo, NULL);

if (selected_object~ptr->isa() == STREAMOBJECT)(
conv-ptr = (StreamObject *)selected-object-ptr;
if(conv~ptr->is_state-variableo)

initial-button = 1;
else

initial-button = 0;
buttonl = XmStringCreateSimple(ONot State Stream');
button2 = XmStringCreateSimple(*State Stream");
radio-box = XmVaCreateSimpleRadioBox(rc, "radio-box",

initial-button, radio-box-cb,
XmVaRADIOBUTTON, buttonl, NULL, NULL, NULL,
XmVaRADIOBU'ITON, button2, NULL, NULL, NULL,
NULL);

XmStringFree (buttoni);
XmStringFree (button2);
XtManageChild (radio-box);

constraint = selected-object-ptr->constrainto;
if(constraint != 0) (

sprintf(buffer, I%d", constraint);
mnit_value = XmStringCreateSimple(buff4ýr);
XtVaSetValues(dialog, XmNtextstring, mnit-value, NULL);
XmStringFree (init-value);

XtAddCallback (operator~name, XmNactivateCallback, null cb,
NULL);

XtAddCallback (dialog, XmNokCallback, read-property,
(XtPointer) &operator-name);

XtAddCallback(dialog, XmNcancelCallback, widget_killer,
NULL);

XtUrnmanageChild (XrnSelectionBoxGetChild (dialog,
XmDIALOGý_HELP_BUTTON)); // Hide help button.

XtManageChi ld (rc);
XtManageChild (dialog);
XtPopup (Xt Parent (dialog), XtGrabNone);
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XmProcessTraversal (drawing~a, XmTRAVERSE_CURRENT);

// If graph-editor is invoked in viewer mode, this function
//handles ClientMessage events from the syntax-directed editor.
1/Commented-out code handles data passed in a property, which
//this version of the editor doesn't take advantage of.
IIUsed during testing, and left-in for future use, if necessary.

void event-handler(Widget widget, XtPointer,
XEvent* in_event, Boolean*)(

Display *display-ptr = XtDisplayOfObject(widget);
Window window = DefaultRootWindow (display~ptr);
IIchar **data;
ii t return-count;
//XText Property text-prop-return;
/1Atom property__naxe;
char message~in[3 0];

#ifdef GEDEBUG
cout << "\nReceiving:\n" << endl;

#endif

strcpy(messagejin, in~event->xclient.data.b);
if(strcinp(rnessage-in, 'GEDATAIN") ==0)
II property~name = XlnternAtom(display~ptr, "CAPS JATAff, False);
1/ XGetTextProperty(display~ptr, window, &text..prop..xeturn, propertynaxne);
//XTextPropertyToStringList (&text~prop~return, &data, &return-count);
1/if(strcmp(data(0], "Out!!!') == 0)

II exit(0);
1/ else(

/1 display..string = XmStringCreateSimple(data[0]);
/1 XtVaSetValues(*((Widget *) label), XrnNlabelString, display-string,

NULL);
/1XmStringFree(display-string);

graphic-list.build-from_disko;
graphic-list .drawo(;

else
if(strcmp(messagejin, "GEQUITI) == 0)

#ifdef GEDEBUG
cout << "Got viewer quit" << endl;

#endif

exit (0)

// Displays information about event received by program.
IINot currently used, but left in for future use.
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void event list(XEvent *in event)(

cout << 'type: ' << in-event->xclient.type;
cout << "\nserial: "«< in_event->xclient.serial;
cout << '\nsend-event: "«< in-event->xclient.send-event;
cout << "\ndisplay: " << in-event->xclient.display;
cout << m\nwindow: 0 << in-event->xclient.window;
cout <<~ m\nformat: 0 << in-eveyit->xclient.format;
cout << "\ndata: "«< in-event->xclient.data.b << endl;

// Displays information about event received by program.
IINot currently used, but left in for future use.

mnt id-event (XEvent event-to-check)(

switch (event-to-check .type)(
case KeyPress:

cout << "KeyPress";
break;

case KeyRelease:
cout << 'KeyRelease';
break;

case ButtonPress:
cout << 'ButtonPress';
break;

case ButtonRe lease:
cout << 'ButtonRelease";
break;

case MotionNotify:
cout << mMotionNotify";
break;

case EnterNotify:
cout << "EnterNotify"f;
break;

case LeaveNotify:
cout << "LeaveNotify"f;
break;

case Focusln:
cout << Focusln';
break;

case FocusOut:
cout << "FocusOut-;
break;

case KeymapNotify:
cout << 'KeymapNotify";
break;

case Expose:
cout << 'Expose";
break;

case GraphicsExpose:
cout << "GraphicsExpose";
break;

case NoExpose:
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cout << "NoExposel;
break;

case VisibilityNotify:
cout << 'VisibilityNotify';
break;

case CreateNotify:
cout << "CreateNotify';
break;

case DestroyNotify:
cout << DestroyNotify";
break;

case UnxnapNotify:
cout << t"inmapNotify";
break;

case MapNotify:
cout << 'MapNotify";
break;

case MapRequest:
cout << 'MapRequest";
break;

case ReparentNotify:
cout << "ReparentNotify";
break;

case ConfigureNotify:
cout << ConfigureNotify";
break;

case ConfigureRequest:
cout << "ConfigureRequest";
break;

case GravityNotify:
cout << OGravityNotifym;
break;

case ResizeRequest:
cout << "ResizeRequest";
break;

case CirculateNotify:
cout << "CirculateNotify';
break;

case CirculateRequest:
cout << "CirculateRequest';
break;

case PropertyNotify:
cout << "PropertyNotify";
break;

case SelectionClear:
cout << "SelectionClear";
break;

case Select ionRequest:
cout << 'SelectionRequest";
break;

case SelectionNotify:
cout << SelectionNotify';
break;

case ColormapNotify:
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cout << "ColormapNotify';
break;

case ClientMessage:
cout << "ClientMessage";
break;

case MappingNotify:
cout << "MappingNotify";
break;

default:
cout << event-to-check.type;

cout << m Event, send_event "

if (event_to-check. xany. send-event)
cout << 'TRUE';

else
cout << "FALSE";

cout << ", Target Window: M << hex << event-to-check.xany.window << endl;
return event-to-check.type;

II Changes the value displayed in the title box below the

IIdraw window.

void set-title()

if(graphic-list.name()o NULL)
XtVaSetValues (graph-title, XmNvalue, graphic-list .nameo, NULL);

II translations provides the mappings for the keyboard
//mapping table that allow the drawing canvas to capture
//mouse and keyboard events.

mnt main (unsigned mnt argc, char **argv){
Widget toplevel, main-w, menubar, rowcol, scrolled-win,

op~button, term~button,
stream-button, propertybutton, select-button;

XtAppContext app;
Pixmap op-button~pixmap, term-button-pixmap,

streamq-button~pixmap, property-button~pixmap,
select-button...pixmap;

XGCValues gcvl, gcv2, gcv3;
Screen *screen-ptr;
XtActionsRec actions;
String translations =

"<BtnlDown>: draw(down) \n\
<BtnlUp>: draw(up) \n\
<BtnlMotion>: draw(motion) \n\
<Key>: draw(key) \n\
<Key>Tab: draw(tab)';

unsigned long gc-mask;
Window root-window, toplevel-window;

toplevel = XtVaApplnitialize(&app, 'Graph-editorm, options,
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XtNuxnber(options), &argc, argv,
NULL, NULL);

display-ptr = XtDisplay(toplevel);
XtGetApplicationResources (toplevel, (XtPointer) &Resrcs,

resources, XtNuxnber(resources),
NULL, 0);

screen-ptr = XtScreen(toplevel);
initialize-color~table(screen..ptr);
root-window = RootWindowOfScreen(screen~ptr);
gcvl.foreground = BlackPixelOfScreen(screen~ptr);
gcvl background = WhitePixelOfScreen (screen~ptr);
gcv2.foreground =BlackPixelOfScreen (screen~ptr);
gcv2.background = WhitePixelOfScreen(screen~ptr);
gcv3.foreground = WhitePixelOfScreen(screen-ptr);
gcv3 .background = WhitePixelOfScreen(screen-ptr);
gc-mask = GCForeground I GCBackground;
std-graphics~context = XCreateGC (display~ptr,

root-window, gcjnask, &gcvl);
dottad_context =XCreateGC(display-ptr,

rootwMindow, gc~mask, &gcv2);
erase-context =XCreateGC(display~ptr, root-window, gc-mask,

&gcv3);
XSetLineAttributes(display-ptr, dotted-Context, 1,

LineOnOffDash, CapButt, JoinMiter);
XSetFiinction(display~ptr, dotted-Context, GXxor);

if(Resrcs.viewer == False) ( Ieditor mode, not view mode
main_w =XtVaCreateManagedWidget(Imain-w", xmFormWidgetClass,

toplevel, NULL);
build_menu-bar(main_..w, menubar);
XtManagechild (menubar);
rowcol=

XtVaCreateManagedWidget ("rowcol", xmRowColumnWidgetClass,
ma irnw,
XniNnumColumns, 1,
NULL);

make-buttons (rowcol, op-button, ternuLbutton, stream-button,
property-button, select-button,
op-button~pixmap, term..button~pixmap,
streamrkbutton-pixmap, property~button~pixmap,
select-button-pixmap, display-ptr, screen-ptr);

XtAddCallback (op~button, XmNactivateCallback, op~button~cb,
NULL);

XtAddCallback(ternq~button, XmNactivateCallback,
termr_button-cb, NULL);

XtAddCallback (streamRbutton, XmNactivateCallback,
stream-button-cb, NULL);

XtAddCallback(select button, XniNactivateCallback,
select_button_cb, NULL);

XtAddCallback (property .button, XmflactivateCallback,
property...jutton~cb, NULL);
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scrolled_win
XtVaCreateManagedWidget (scrolled--win",

xmScrolledWindowWidgetClass,
main-w,

// XmNwidth, 1200,
'I XmNheight, 750,

XmNscrollingPolicy, XmAUTOMATIC,
XmNscrollBarDisplayPolicy, XmASNEEDED,
NULL);

actions.string = "draw";
actions.proc = draw;
XtAppAddActions(app, &actions, 1);
graph-title =

XtVaCreateManagedWidget ('graph-title', xrnTextWidgetClas6,
main-w,
XmNvalue, ,

NULL);
tool-indicator = XtVaCreateManagedWidget ("tooljindicator"f,

xmTextWidgetC lass,
main-w,
XmNvalue, "Select Tool",
NULL);

XtVaSetValues(toplevel, XrnNtitle, "Graph Editor', NULL);

else
scrolled_win

XtVaCreateManagedWidl,=t('scrolledwin",
xmScrolledWindowWidgetClass, toplevel,

// XmNwidth, 600,
II XmNheight, 400,

XmNscrollingPolicy, XmAUTOMATIC,
XmNscrollBarDisplayPolicy, XmAS_NlEEDED,
NULL);

XtVaSetValues(toplevel, XmNtitle, "Graph Viewer", NULL);

drawing-a
XtVaCreateManaged~Jidget ("drawing~a",

xmDrawingAreaWidgetClass, scrolled win,
XmNunitType, Xm1000TH_INCHES,
XniNwidth, 11000,
XmNheight, 8500,
XniNresizePolicy, XmNONE,
NULL);

XtAddCallback (drawing~a, XmNexposeCallback, redraw, NULL);

XtVaSetValues (drawing-a, XiuNunitType, XxnPIXELS, NULL);
XmProcessTraversal(drawing~a, XmTRAVERSE -CURRENT);
XtVaGetValues(drawing~a, XmNwidth, &width, xmNheight, &height,

NULL);
drawing~area-pixniap = XCreatePixmap (display-ptr,

root-Window, width, height,
DefaultDepthOfScreen (screen-ptr));

XFillRectangle (display~ptr, drawing~area-pixmnap,
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erase-context, 0, 0, width, height);

if(Resrcs.viewer ==False) f
XtVaSetValues (drawing~a, XmNtranslatjons,

XtParseTranslationTable (translations));
XtVaSetValues(rnenubar, XxnNtopAttachment, XmATTACHFORM,

XmNrightAttachrnent, XxnATTACHFORM,

XxnNleftAttachrnent, XinATTACHWIDGET,

XmNleftWidget, rowcol,
XmNbottomAttachment, XmnATTACHNONE,

NULL);

XtVaSetValues (rowcol, XmNtopAttachxnent, XmATTACHFORM,

.XmNrightAttachment, XmnATrACHNONE,
XmNleftAttachment, XmATTACHFORM,
XmNbottomAttachinent, XmAT11ACH_WIDGET,

XxnNbottarnWidget, tool-indicator,

NULL);
XtVaSetValues (scrolled-win, XmNtopAttachment,

XmATTACHJ'JIDGET,
XmNtopWidget, menubar,
XmNrightAttachnient, XmATTACH_FORM,

XmNleftAttachnient, XmA'PrACHWIDGET,

XxnNleftWidget, rowcol,

XniNbottomAttachment, XrnATTACHWIDGET,

XxnNbottornWidget, graph title,

NULL);
XtVaSetValues (graph.title, XmNtopAttachment, XmATI'ACH__NONE,

XrnNrightAttachrnent, XmATTACHFORM,
XxnNleftAttachment, XmnATTACHWIDGET,

XmNleftWidget, tool_indicator,
XmNbottomAttachment, XmATTACHFORM,

NULL);

XtVaSetValues (tool_indicator, XmNtopAttachment,

XmATTACH-NONE,
XmNrightAttachxnent, XmATTACHNONE,
XinNleftAttachnment, XmnATTACHFORM,
Xm~bottomAttachment, XmnATTACH_FORM,
NULL);

XtRealizeWidget (toplevel);

draw-Window = XtWindow(drawing~a);
graphicjlist .set-draw-environ(display~ptr,

std-graphics_context,

erase_context, dotted-context,
drawý_window,

&drawing-area-pixmap,
color-table,
width, height);

graphic list.set_error_tgt(drawing-a);

graphic_list.build-from-disk();
if(Resrcs.viewer == False)

set-titleo;

graphicjlist .drawo;
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XmProcessTraversal (drawing~a, XmTRAVERSE_CURRENT);

if(Resrcs.viewer False)
toplevel-window =XtWindowafObject (toplevel);

Atom display-id-atom = XlnternAtom(display~ptr, "WINDOWID",

False);

XChangeProperty Cdisplay-ptr, root-window, display-id~atom,
XAWINDOW, 32, PropModeReplace,

(unsigned char *) &toplevel-window, 1);

XtAddEventHandler(toplevel, NoEventMask, TRUE, event_handler,

NULL);

printfi"\n"); //flushes the event queue

XFlush(display~ptr);

XtAppMainLoop (app);
return 0;
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Name: graphobject.h
Author: Capt Robert M. Dixon
Program: grapheditor
Date Modified: 11 Sep 92
Remarks: Specification for the GraphObject class.

The GraphObject is the base class for the main graph
objects displayed in the graph editor. It is not
designed to be directly instantiated, so most of its
methods are virtual.

There are a number of static class variables used
to store graphic information necessary for the
descendents to draw themselves.

#ifndef graph-object_h
#define graph-objecth 1

#include <stdio.h>
#include <Xll/Xlib.h>
#include <Xll/Intrinsic.h>
#include 'ge defs.h"
#include "fonttable.h'

class GraphObjectList;

class GraphObject (
protected:

static Display *_display_ptr;
static GC _graphicscontext, _erase_context, -dottedcontext;
static Window _drawwindow;
static Pixmap *_drawirngarea-pixmap;
static unsigned long _colortable[MAXCOLORS];
static FontTable *_fonttable;
static int _defaultfont;
static Widget _errortgt;

GraphObject *_nextptr;

public:

static Dimension windowwidth, windowheight;
static BOOLEAN validnum-string(char *num);
static void setdrawenviron(Display *displayptr,

GC graphicscontext,
GC erasecontext,
GC dottedcontext,
Window draw window,
Pixmap *drawingareapixmap,
unsigned long color table[],
Dimension width,
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Dimension height);
static void fontinit(Display *display-ptr);
static void setdefault_font(int font_id)

(_defaultfont = fontid;)
static int fonttextwidth(int fontid, char *instring);
static int fonttext height(int font_id);
static char *fontname(int font-id)

(return _fonttable->font-name(font-id);)
static void setfont(GC graphics-context, int font_id);
static void set error-tgt(Widget widget) Lerrortgt = widget;}
static void error_box(char *errormessage);

GraphObject);
-GraphObject() (delete _nextptr;)
void link(GraphObject &next-object) Lnextptr = &next-object;)
GraphObject* next() (return _next ptr;}
virtual GE_STATUS buildfromproperty();
virtual GESTATUS buildfrom disk(FILE *) (return FAILED;)
virtual GESTATUS writeto-property() (return FAILED;)
virtual GE_STATUS writeto disk(FILE *) (return FAILED;)
virtual void draw(DRAWSTYLE) (}
virtual void select() (}
virtual void unselect() 0}
virtual void erase() {}
virtual BOOLEAN hit(int, int) (return FALSE;)
virtual CLASSDEF isa() (return GRAPHOBJECT;)
virtual void setobjectptrs(GraphObjectList *) (}
virtual int id() (return 0;)
virtual char *name() (return "";}

virtual void setlocation(int, int) {}
virtual void setdeleted() (}
virtual void delete-notify(CLASSDEF, int) ()
virtual void replace-name(char *) ()
virtual void setconstraint(int) {}
virtual void set_modified() ()
virtual BOOLEAN textselected() (return FALSE;)
Display *displayptr() (return _displayptr;)
GC graphics_context() (return _graphicscontext;)
Window drawwindow() (return _draw-window;)
Pixmap *drawingareapixap() (return _drawingareapixmap;)

virtual void move_notify(CLASS_DEF, int) (}
virtual void movehandle(int, int) ()
virtual BOOLEAN hithandle(int, int) (return FALSE;)
virtual void setcolor(COLOR) ()
virtual void set_objectfont(int) f);
virtual void erase-text() {)
virtual void move-text(int, int) {}
virtual void draw text(DRAWSTYLE) {)
virtual BOOLEAN isdeleted() (return FALSE;)
virtual void undelete_notify(CLASSDEF, int) {)
virtual void resethandlesdrawnstate() (}
virtual int textwidth() (return 0;)
virtual int text_height() (return 0;)
virtual void textlocate(int, int) ()
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virtual int constraint() (return 0;)

#endif;
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Name: graph-object.C
Author: Capt Robert M. Dixon
Program: graph-editor
Date Modified: 11 Sep 92
Remarks: Implementation for the GraphObject class.

The GraphObject is the base class for the main graph
objects displayed in the graph editor. It is not
designed to be directly instantiated, so most of its
methods are virtual.

Credits: Portions of code are adapted from the following:

Barakati, Naba, X Window System Programming, SAMS,
1991.

Heller, Dan, Motif Programming Manual, O'Reilly and
Associates, 1991.

Johnson, Eric, and Reichard, Kevin, X Window
Applications Programming, MIS Press, 1989.

Young, Douglas, Object Oriented Programming With C++
and OSF/Motif, Prentice-Hall, 1992.

#include <Xm/MessageB.h>
#include <stream.h>
#include 'graph-object.h"

II Initializers for the static class variables.

int GraphObject::_defaultfont = 0;
Widget GraphObject::_error.tgt = NULL;

// Determines whether the string represents a valid number.

BOOLEAN GraphObject::validnum_string(char *num)
int index, num_length;

if(num != NULL) (
numlength = strlen(num);
if(numxlength > 0) (

for(index = 0; index < num_length; index++) (
if((num[index] != '\n') &&

(num(index] != '-') &&

((num(index] < '0') II (num[index] > '9')))
return FALSE;

)
return TRUE;
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return FALSE;

IIDisplays an error message in a standard Motif error
//dialog box.

void Graphobject::error-box~char *error-message)(
static Widget error-dialog =NULL;

Arg arg[l];
XmString t;

if(_error_tgt != NULL)(
if Cerror_dialog == NULL)(

error-dialog = XmCreateMessageDialog(_error~tgt, 'error",
arg, 0);

XtVaSetValues (XtParent (error~dialog),
XtNtitle, "Error",
NULL);

XtUnmanageChild (XmMessageBoxGetChild Cerror-dialog,
XmDIALOGHELPBUTTON));

t = XmStringCreateSimple(error-message);
XtVaSetValues (error~dialog,

XmNmessageString, t,
NULL);

XmStringFree(t);
XtManageChild (error-dialog);

else
cout <<

"Error Target Widget must be set by calling module.\nff
<< endl;

GraphObject: :GraphObject()
-next~ptr = NULL;

IISets up the drawing environment for the graph objects.

void GraphObject::set drawý_environ(Display *display-ptr,
GC graphics-context,
GC erase_context,
GC dotted-Context,
Window draw-window,
Pixmap *drawing-area-pixmap,
unsigned long color-tabletj,
Dimension width,

Dimension height){
mnt i;

Adisplay-ptr = display-ptr;
-graphics-context = graphics-context;
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_erase-context = erase_context;
_dotted-context = dotted-context;
_drawý_window = draw-window;
-drawing~area~pixmap = drawing-area-pixxnap;
for(i = 0; i <= MAXCOLORS; i++I)

-color-table[i] = color table[i];
Graphobject::window-width =width;

GraphObject: :window-height =height;

// Initializes the font table.

void GraphObject::font-init(Display *display~ptr)(

_font-table = new FontTableol;
_font-table->init(display~ptr);

IIReturns the width in pixels of the requested font.

mnt GraphObject::font-text width(int font-id, char *in-string){

return _font_table->width(fontjd, in~string);

II Returns the height in pixels of the requested font.

i'it Graphobject::font text-height(int font-id)

return _font-table->height(fontjid);

/1Sets the requested font as the drawing font.

void Graphobject::set-font(GC graphics-context, mnt font_id)(

XSetFont Ldisplay-ptr, graphics-context,
_font_table->font id(font id));

GESTATUS GraphObject::build-from~property() (return FAILED;)
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Name: graph~object list.h
Author: Capt Robert M. Dixon
Program: graph-editor
Date Modified: 11 Sep 92
Remarks: Specification for the GraphObjectList class.

A GraphObjectList is a linked list of graphic
objects, implemented as GraphObjects. Currently,
a GraphObject may be either an OperatorObject or
a StreamObject.

Although not currently implemented this way, most
of the functionality necessary to draw the graph title
on the drawing canvas is present.

#ifndef graph-object-list-h
#define graph-object_list-h 1

#include <Xll/Intrinsic.h>
#include 'ge-defs.h'
#include "graph-object .h"

class GraphObject;

class GraphObjectList{
protected:

GraphObject *-head~ptr;
mnt _last-opjid, _last-streamjid, _namejfont, _name-x,

_name~y, _name-width, _name-height;
Display *-display-ptr;
Window _draw-window;
GC _graphics~context, _erase_context, _dotted-context;
Pixmap *_drawing~area-pixmap;
Dimension _Width, _height;
BOOLEAN -title-selected;
char *-name-ptr;
Widget _error~tgt;

void error_box(char *error-message);
static BOOLEAN valid-num-string(char *num);
void set-text-dimensionso;
void set-name-locationo;
void drawý_handles (GO draw-Context, mnt xl, mnt yl, mnt x2,

mnt y2);

public:
GraphObjectList U;
-GraphObjectListo( (delete _head~ptr;delete -name-ptr;)
GE_STATUS build~from~propertyo;
GESTATUS build-from-disko;
GESTATUS write-to~propertyo;
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GESTATUS write-to-disk(char *filename, int return-info);
void draw();
void eraseo;
void draw-text(GC draw-context);
void erase-text();
void move-text(int x, mnt y);
GraphObject* hit~int x, mnt y);
CLASSDEF isa() (return GRAPHOBJECTLIST;}
Graphobject* target~object(CLASS-DEF object~type, mnt id);
void delete_notify(CLASSDEF class-type, mnt deleted obj id);
mnt request id(CLASSDEF class-type);
void add(GraphObject *new -object~ptr);
void set-draw-environ(Display *display-ptr,

GC graphics-context, GC erase_context,
GC dotted~context, Window draw -window,
Pixmap *drawing-area~pixmap,
unsigned long color_table[],
Dimension width, Dimension height);

void get-del-op-list(char *deloppstrE], int del~opid[],
mnt &numdel~ops);

void set--undeleted(CLASSDEF class-type, mnt id);
void set-default-font(int font-id);
void move--notifyCCLASS_DEF object-type, mnt objectjid);
char *font-naxne(int font...id)

(return GraphObject: :fontj-name(fontjid) ;}
BOOLEAN hit-text(int x, mnt y);
void set-text-font(int font-id);
void select-titleo;
void unselect titleo;
char *name() (return -namle~ptr;)
void set_error~tgt(Widget widget);

#endif
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Name: graphobjectlist.C
Author: Capt Robert M. Dixon
Program: grapheditor
Date Modified: 11 Sep 92
Remarks: Implementation of a GraphObjectList.

A GraphObjectList is a linked list nf graphic
objects, implemented as GraphObjects. Currently,
a GraphObject may be either an OperatorObject or
a StreamObject.

Although not currently implemented this way, most
of the functionality necessary to draw the graph title
on the drawing canvas is present.

Credits: Portions of code are adapted from the following:

Barakati, Naba, X Window System Programming, SAMS,
1991.

Heller, Dan, Motif Programming Manual, O'Reilly and
Associates, 1991.

Johnson, Eric, and Reichard, Kevin, X Window
Applications Programming, MIS Press, 1989.

Young, Douglas, Object Oriented Programming With C++
and OSF/Motif, Prentice-Hall, 1992.

#include <stdio.h>
#include <string.h>
#include <stream.h>

#include <Xm/MessageB.h>
#include "graphobject_list.h"
#include "operatorobject.h"
#include "stream_object.h"

II Determines whether the input string represents a valid
// number.

BOOLEAN GraphObjectList::validnum-string(char *num)
int index, numjlength;

if(num != NULL) {
num_length = strlen(num);
if(num_length > 0) (

for(index = 0; index < numlength; index++) (
if((num[index] != '\n') &&

(num[index] != '-') &&
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((num(indexJ < '0') 11 (numijindex] > '9')))
return FALSE;

return TRUE;

return FALSE;

IIDisplays a standard Motif error dialog box with the
//given error message.

void GraphObjectList::error-box (char *error-message){
static Widget error-dialog =NULL;

Arg arg[l];
XmString t;

if(_error_tgt !=NULL){
if (error_dialog == NULL)(
error-dialog =XmCreateMessageDialog (errortýgt, "error",

arg, 0);
XtVaSetValues (XtParent (error-dialog),

XtNtitle, "Error",
NULL);

XtUnimanageChild (XmMessageBoxGetChild (error-dialog,
XmDIALOGHELPBUTTON));

t = XmStringCreateSimple(error-message);
XtVaSetValues (error_dialog,

XmiNmessageString, t,
NULL);

XmStringFree(t);
XtManageChild(error__dialog);

else
cout <<

"NError Target Widget must be set by calling module.\nN
<< endl;

GraphObjectList: :GraphobjectListoC

Thead~ptr = NULL;
-name~ptr = NULL;
-last~op~id =0;
_last_stream-id = 0;

_title-selected = FALSE;
_error_tgt = NULL;

G3ESTATUS GraphObjectList::build-froxnpropertyoC (return FAILED;)

IIBuilds the GraphObjectList from disk.

191



GESTATUS GraphObjectList::build_from-disk()
FILE *infile;
char buffer[INPUTLINESIZE + 1], *error_ý-trptr =NULL;

GraphObject *temp~object-ptr, *current-ptr;
GESTATUS status = SUCCEEDED;
int last~char;

delete -head~ptr;
-head~ptr =NULL;
if((infile =fopenC"gedatatransfile.txtft, "rtl)) 1=NULL)(
delete -name~ptr;
fgets(buffer, INPUT_-LINESIZE, infile);
if(strcmp(buffer, OGE93DATAFILE\nft) == 0)
fgets(buffer, INPUTLINESIZE, infile);
last-char = strlen(buffer) - 1;
if(buffer[last-char] == nl
buffer[last~char] = 0;

_nane~ptr = strdup(buffer);
fgets(buffer, INPUT _LINESIZE, infile);
if (valid-nuinstring~buffer))(

-name-font = atoi(buffer);
if(_name-font > MAXFONTS)
error-str-ptr = strdup(NNaine Font Too Large');

else
error-str-ptr = strdup("Corrupted header information');

if (error_str~ptr == NULL)
fgets(buffer, INPUTLINE_SIZE, infile);
if(valid-nuxn~string(buffer))
_name~x = atoi(buffer);

else
error-strpt strdup(NCorrupted name~xl);

if (error_str~ptr ==NULL)(

fgets(buffer, INPUT_LINE_SIZE, infile);
if(valid-num_string(buffer))

-name-y = atoi(buffer);
else

error-stzu.ptr =strdup('Corrupted name~y");

if(error-str-ptr ==NULL)(

set-text-dimensionsU;
if(.name-x == NULL)
set-name-locationo;

if (error_str~ptr == NULL)(
//Clears the OOPERATORSN keyword from the input buffer

fgets(buffer, INPUT-_LINE_-SIZE, infile);
while(status == SUCCEEDED) (

temp-object~ptr = new OperatorObject;
status = temp-object-ptr->build-from-disk(infile);
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if (status == SUCCEEDED)
//else all operators are read in

if(temp-object-ptr->id() - last-op-d)
-last~opjd =temp-object-ptr->id();

if(_head~ptr ==NULL) (
-head~ptr = temp-object~ptr;
current-ptr = -head-ptr;

else
current-ptr->link (*temp~object~ptr);
current-ptr = current-ptr->next U;

delete temp~object~ptr;

1/ Operators are read in; time f or the streams

if (status == ENDED) (
status = SUCCEEDED;
while((feof(infile)) && (status == SUCCEEDED))

temp~object~ptr = new StreamObject;
status = temp~object-ptr->build-from-disk(infile);
if (status == SUCCEEDED) (

if (temp--object-ptr->id() > _last-strec.mind)
-last_streamr_id = temp-object~ptr->ido;

tempopbject-ptr->set-object~ptrs (this);
if Lýhead.ptr == NULL) (

-head.ptr = temp~object-ptr;
current-ptr = _head-Ptr;

else
current~ptr->link( *temp-object-ptr);
current~ptr = current-ptr->next 0;

else
delete temp-object-ptr;

else(
error-box(error~str~ptr);
status = FAILED;
free (error~str~ptr);

else{
error box('Data file format is questionable.');
fclose(infile);
status = FAILED;

fclose~infile);
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alse
error-box('Data transfer file not found.');
status = FAILED;

return status;

GESTATUS GraphObjectList::write-to-property() (return FAILED;)

II Writes the GraphobjectList to disk

GESTATUS GraphObjectList::write-to-disk(char *filename,
mnt return-info)

FILE *outf iie
Graphobject *temp~object~ptr = _ýhead.ptr;
GESTATUS status = SUCCEEDED;
char buffer[INPUTLINE_SIZE + 1];

outfile = fopen(filenaxne, "wt");
if(outfile != NULL) (

fprintf(outfile, "GE93DATAFILE\nm);
fprintf~outfile, I%s\nl, _nane-ptr);
sprintf(buffer, "%d\n%d\n%d\nl, -name_font, _nane-x,

-name-y);
fprintf(outfile, buffer);
fprintf(outfile, 'OPERATORS\nl);
while((temp-object-ptr !=NULL) && (status == SUCCEEDED))(

if (temp~object~ptr->is-a() == OPERATOROBJECT)
status = temp-object...ptr->write_to-disk(outfile);

temp-object-ptr = temp-object..ptr->next U;

if (status == SUCCEEDED)(
fprintf(outfile, ISTREAMS\nl);
temp~object..ptr = _head~ptr;
while((temp..object~ptr != NULL) && (status == SUCCEEDED))(

if (temp~object-ptr->is-ao( == STREAMOBJECT)
status = temp--object-ptr->write-to-disk(outfile);

temp~object~ptr = temp-..object-ptr->next U;

if (status == SUCCEEDED){
fprintf(outfile, NENDDATA\nm);
sprintf(buffer, N%d\nl, returnjinfo);
fprintf(outfile, buffer);
if (return_info > 0)

fprintf (outfile,
(target-object (OPERATOROBJECT, return_info) )->nalne );

fclose(outfile);

else
status = FAILED;

if(status == FAILED)
error-box('Disk Write Failed');
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return status;

1/ Draws the GraphobjeotList to the drawing canvas.

void GraphObjectList::drawo) (
GraphObject *temp~object-ptr = _head~ptr;

XFillRectangle(-display~ptr, _draw-window, _erase-context, 0,
0, -width, -height);

XFillRectangle L-display-ptr, *-drawing~area~pixmap,
-erase_context, 0, 0, -width, _height);

/1Streams are drawn first to prevent the operators' handles
IIfrom overwriting the arrowheads. Handles are drawn in xor
1/mode so they will srase properly.

// Since handles are drawn in xor mode, it's important to
IItrack whether they've been drawn or not. Redrawing the
IIhandles unintentionally erases them.

while(temp~object-ptr !=NULL)
if(temp-object~ptr->is..a( == STREAMOBJECT){

temp-object-ptr->reset-handles-drawn-state();
temp-object-ptr->draw(SOLID);

temp-object~ptr = temp-object-ptr->next 0;

temp-object-ptr = -head-ptr;
while(temp-object-ptr !=NULL)(

if(temp-object-ptr->is-a( == OPERATOROBJECT)(
temp-object-ptr->reset-handles-drawn-stateo;
temp~obj ect~ptr->draw (SOLID);

temp-object~ptr = temp-object-ptr->next o;

void GraphObjectList::erase()II

II if the given coordinates are located inside one of the
/1graph objects or their text strings, the function returns
IIa pointer to the object.

GraphObject* GraphObjectList::hit(int x, mnt y)
GraphObject *temp-object-ptr = _head~ptr;

while(temp~object.pt != NULL)(
if(temp~object-ptr->hit(x, y))
return temp~obj ect~ptr;

else
temp..object-ptr =temp object ptr->next();

return (GraphObject *)NULL;
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II Returns a pointer to the requested object.

GraphObject* GraphObjectList: :target-object(
CLASSDEF object~type, int id)

Graphobject* temp-object~ptr = -head~ptr;
while~temp-object-ptr !=NULL) (

if( (temp-object~ptr->is-a( == object~type) &&
(temp-.object-ptr->id() == id))

return temp--object-ptr;

temp-object-ptr = temp~object-ptr->next 0;

error~box('Requested operator id not found");
return NULL;

II Notifies all the objects that one of them has been
//deleted, so that they may take appropriate actions.

void GraphobjectList::delete notify(CLASS_DEF class~type,
mnt deleted.Obj-id)

GraphObject *temp-object-ptr = -head..ptr;

while(temp-object..ptr != NULL) (
temp..object~ptr->delete-notify(class-type, deleted-obt-id);
temp...object~ptr = temp--object-ptr->next 0;

II Whea a new object is added to the list, it needs a
IIunique identifier. The GraphObjectList tracks the
IIhighest stream and operator identifiers and issues the
IInext higher on request.

mnt GraphobjectList: :request-id(CLASSjDEF class-type)

if(class-type == OPERATOROBJECT)
_last...op...id++;
return _last...op-id;

else(
_last-stream....id++;
return _last-streamjid;

II Adds a new GraphObject to the list.

void GraphObjectList: :add(GraphObject *new-object-ptr)
GraphObject *temp-object~ptr = _head~ptr;

if Lhead...ptr == NULL)
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_ýhead~ptr = new-object-ptr;
else

if(_head~ptr->next() == NULL)
-head~ptr->link (*new-object-ptr);

else {
while Ctemp~object~ptr-'.ne:- C) != NULL)

temp~object~ptr = temp~object~ptr->nextoC;
temp--obj ect~ptr->l ink(C*new obj ect~ptr);

// Sets the necessary drawing variables, and performs the
//same operation for the GraphObject class.

void GraphObjectList::set draw-environ(Display *display-ptr,
GC graphics-context, GC erase-context,
GC dotted-context, Window draw-window,
Pixmap *drawing~area~pixmap,
unsigned long color_table[J, Dimension width,
Dimension height)

-display-ptr = display-ptr;
-graphics-context = graphics~context;
_erase-context =erase_context;

_dotted_context =dotted-context;

_draw__window = drawj_window;
_drawing-area-pixmap = drawing-area~pixmap;
_Width =width;

-height =height;
GraphObject: :set-draw-environ Ldisplay~ptr, -graphics_context,

-erase_context, _dotted-context, _drawý_window,
-drawing-area-pixmap, color_table, width, height);

GraphObject: :font imit Ldisplay~ptr);

II Notifies the objects that one of them has been moved.

void GraphObjectList: :move-notify (CLASSDEF object~type,
int object-id)

GraphObject *temp-object-ptr = _head-ptr;

while(temp-object-ptr != NULL)(
temp~object~ptr->move-notify (object...type, object-id);
temp-object~ptr = temp..object~ptr->nexto;

II Sets the default font.

void GraphObjectList::set-default-font(int font~id){

GraphObject: :set_default~font (font~..id);
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II Sets the dimensions for the title string so it can be
IIdrawn on the canvas. Left in for future use.

void GraphObjectList::set-text-dimensions()

if L-name-ptr ==NULL){

_name-width =0;

_name_height = 0;

else(
_name-width =GraphObject::font_text-width(_name~font, _name~ptr);
_name-height = GraphObject::font-text-height(_name_font);

II Sets a default name location. Left in for future use

void GraphobjectList::set-name-location()

-name~y = 100;
_name~x = (_width - _name-width) / 2;

// Draws the title string on the canvas. Left in for
IIfuture use.

void GraphobjectList::draw-text (GC drawý_context){

if(-name-ptr != NULL)(
GraphObject::set~font (draw-context, _name_font);
XDrawString Ldisplay-ptr, -drawý-window, drawcontext, -name-x,

-name..y, _name~ptr, strlen(_name~..ptr));
XDrawString(_display-ptr, *_drawing--area~pixmap, draw-Context,

-name-x, -name..y, _name..ptr, strlen(_name~ptr));
if (title-selected)
draw-handles (drawcontext, _name__X- HANDLESIZE.

-name...y - -name-.height -HANDLESIZE,

_name-x + _name_width + HANDLESIZE,
_name~jy + HANDLES IZE);

II Erases the title string. Left in for future use.

void GraphobjectList: :erase~text()

draw-textL-erase_context);

II Moves the title string. Left in for future use.

void GraphObjectList::move~text(int x, int y)(

if (..title-selected)
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-name-x += x;

_name-y += y

// Returns TRUE if the mouse clicked on the title string,
IIFALSE otherwise.

BOOLEAN GraphobjectList::hit_text~int x, mnt y)

if(((x >= _naxnex) && (x <= (.namex + name width))) &&
(y >= _name~y - name~height) && (y <= _name~y))

_title selected =TRUE;

return TRUE;

else
return FALSE;

II Draws a handle on the graph.

void GraphObjectList::drawý_handles(GC draw-Context, mnt xl,
mnt yl, mnt x2, mnt y2)

XFillRectangle(_display~ptr, -draw-window, drawý_context, xl,
yl, HANDLESIZE, HANDLESIZE);

XFillRectangle(__displaytr drwwnoda_context,

x2 - HANDLESIZE, yl, HANDLESIZE, HANDLESIZE);
XFillRectangle(_display...ptr, ....drawý-window, drawý_context, xl,

y2 - HANDLESIZE, HANDLESIZE, HANDLESIZE);
XFillRectangle(_display~ptr, -draw_window, draw_context,

x2 - HANDLESIZE, y2 - HANDLESIZE, HANDLESIZE,
HANDLESIZE);

XFillRectangle(_Ldisplay~ptr, *-drawing-area-pixmap,
draw-Context, xl, yl, HANDLESIZE, HANDLESIZE);

XFillRectangle( (...ýdisplay-.ptr, *-dawing-area-pixmp,
draw-context, x2 - HANDLESIZE, yl,
HANDLESIZE, HANDLESIZE);

XFillRectangle (..display...ptr, *_drawing-area-pixmp,
draw_context, xl, y2 - HANDLESIZE, HANDLESIZE,
HANDLESIZE);

XFillRectangle(_display...ptr, *-drawing-area-pixmap,
draw-Context, x2 - HANDLESIZE, y2 - HANDLESIZE,
HANDLESIZE, HANDLESIZE);

II Sets the name font to the desired value. Left in for
IIfuture use.

void GraphObjectList::set_text_font(int fontjid)(

_name-font = font...id;
set_text_dimensions();
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1/ Unselects the title.

void GraphobjectList::unselect-title()

erase_text o;
_title-selected = FALSE;
draw-text Lgraphics~context);

II Selects the title.

void GraphObjectList::select_title()

erase_text ()
_title-selected = TRUE;
draw-text Lgraphics-context);

II Makes a list of deleted operators.

void GraphObjectList: :getjiel-op-list (char *del_op~str[j,
mnt del~op~id[J,
mnt &num-del-ops) f

GraphObject *temp-obj-ptr =_head-ptr;
mnt index = 0;

while((temp~obj~ptr !=NULL) && (index < MAXDELETEDOPS))(
if((tempobj~ptr->is~a( == OPERATOROBJECT) &&

(temp obj~ptr->is_ýdeletedO)) (
del~op~str~indexl strdup(temp..obj~ptr->nanmeo);
del-op-id~index] =temp~obj-ptr->ido;

index++;

temp-obj~ptr = temp-obj~ptr->next o;

nuin~del-ops =index;

II Notifies the objects that the given object has been
//undeleted.

void GraphObjectList::set-undeleted(CLASSDEF class...type,
int id)

GraphObject *tempo-bj-ptr = _ýhead...ptr;

while(temp...obj..ptr != NULL) (
temp...obj..ptr->undelete notify(class~type, id);
temp-obj...ptr = temp...obj..ptr->next 0;

Ii Sets the widget used to display the error message box.
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void GraphObjectList::set-error..tgt(Widget widget)(

_error~tgt = widget;
GraphObject: :set-error-tgt(widget);
SplineObject: :set_error~tgt(widget);
FontTable::set-errorý_tgt(widget);
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/* ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Name: operator~obj ect .h
Author: Capt Robert M. Dixon
Program: graph_editor
Date Modified: 17 Sep 92
Remarks: This is the specification for the OperatorObject

class.

The OperatorObject class is the graphical
representation of a PSDL operator. It has three
physical forms: circular for an atomic operator,
two concentric circles for a non-atomic operator,
and rectangular, for terminators. A terminator
simulates interaction with objects outside the system.

#ifndef operator-object-h
#define operator~object-h 1

#include <stdio.h>
#include <Xll/Xlib.h>
#include "ge-defs.hN
#include Ngraphobject .h'

class OperatorObject : public GraphObject(
protected:

char *_-name-ptr, *_mnet-string~ptr;
mnt -id, _Met, -x, _y, _radius, _color, _name_font, jiame-x,

-name~y, _name-width, _name-height, mpet~font, -metx,
_met~y, -met-width, -met-height, -handle-selected;

BOOLEAN -is-deleted, is~new, _ismodified, _is~composite,
_is_terminator, _is_selected, _name_selected, -met_selected,
_opjiandles....drawn, _name_handles_drawn, _met_handles-drawn;

void set-default--met-locationo;
void set-default-name_locationo;
void set-text-dimensionso;
void draw-handles(GC draw-Context, mnt xl, mnt yl, mnt x2,

mnt y2);
void set-object...font(int fontjid);
void reset-handles_drawn_stateo;

public:
OperatorObject U;
OperatorObject(char *in_name~ptr, mnt in_id, mnt inMet,

mnt in-x, mnt in-y, mnt in-radius, mnt in_color,
BOOLEAN in_is~new, BOOLEAN in_is_composite,
BOOLEAN in-is-terminator);

-OperatorObject U;
GE_STATUS build_from~property U;
GE_STATUS build,_from ~disk(FILE *infile);
GESTATUS write-to-propertyo;
GE_STATUS write_to...disk(FILE *outfile);
void draw(DRAW_STYLE style);
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void draw-text(DRAWSTYLE style);
void set-default-text-locationo;
void selecto;
void unselecto;
void eraseo);
void erase-texto;
void move~text(int x, mnt y);
BOOLEAN hit(int x, mnt y);
CLASS_-DEF is -a( (return OPERATOROBJECT;)
mnt id() (return -d;1
char *name() (return namneptr;)
mnt x0) (return -x;)
mnt y(o (return -y;)
mnt radius() (return _radius;)
BOOLEAN is-compositeo( (return is-composite;)
BOOLEAN is-terminator() (return _is_terminator;)
XYPAIR centero;
XYPAIR intercept(int x, mnt y);
void set_location(int x, mnt y);
void move(int x, mnt y);
void set-deletedo() is_deleted = TRUE;)
void undelete_.notify(CLASS_DEF class-type, mnt deleted-objjid);
BOOLEAN is-deleted() (return _ is -deleted;)
void delete-notify(CLASS_ýDEF class~type, mnt deleted-objjid);
void replace~naxne(char *new-name);
void set-constraint(int constraint);
void set -modified() (jis-modified =TRUE;)

void move_notify(CLASSDEF , mnt )
BOOLEAN hit~handle(int x, mnt y);
void movej-handle~int x, mnt y);
void set_radius(int radius) (_radius =radius;)

void set~color(COLOR color) (-color =color;)

BOOLEAN text-selected()
(return (_.name-selected 11 mpet-selected);)

mnt text-widtho;
mnt text-height o;
void text_locate(int x, mnt y);
void write_ýblock(GC drawý_context, mnt x, mnt y,

char *instring, int. blockjieight);
int handle-selected() (return _adeslce;
void set_handle_selected(int handle);
mnt constraint() (return -mnet;)

#endif;
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Name: operator-object.C
Author: Capt Robert M. Dixon
Program: grapheditor
Date Modified: 17 Sep 92
Remarks: This is the implementation of the OperatorObject

class.

The OperatorObject class is the graphical
representation of a PSDL operator. It has three
physical forms: circular for an atomic operator,
two concentric circles for a non-atomic operator,
and rectangular, for terminators. A terminator
simulates interaction with objects outside the system.

Credits: Portions of code are adapted from the following:

Barakati, Naba, X Window System Programming, SAMS,
1991.

Heller, Dan, Motif Programming Manual, O'Reilly and
Associates, 1991.

Johnson, Eric, and Reichard, Kevin, X Window
Applications Programming, MIS Press, 1989.

Young, Douglas, Object Oriented Programming With C++
and OSF/Motif, Prentice-Hall, 1992.

#include <string.h>

#include <stdlib.h>

#include <math.h>
#include <stream.h>
#include 'operator-object.h"

#define COMPOSITE_SPACE 5
#define NUM_STRING_LENGTH 15
#define NONE 0
#define UPPERLEFT 1
#define UPPERRIGHT 2
#define LOWERRIGHT 3
#define LOWERLEFT 4
#define MINRADIUS 5

II Draws handles around the given coordinates. Drawn in
// exclusive-or mode to simplify erasure.

void OperatorObject::draw_handles(GC draw_context, int xl,
int yl, int x2, int y2)
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XSetFunction(-display-ptr, drawý-context, GXxor);
XFillRectangle(_display~ptr, -draw-window, draw-context, xl,

yl, HANDLESIZE, HANDLESIZE);
XFillRectangleC-display~ptr, -draw-window, draw-context,

x2 - HANDLESIZE, yl, HANDLESIZE, HANDLESIZE);
XFillRectangle(-display~ptr, -draw-window, draw-context, xl,

y2 - HANDLESIZE, HANDLESIZE, HANDLESIZE);
XFillRectangle(-display-ptr, -draw-window, draw-context,

x2 - HANDLESIZE, y2 - HANDLESIZE, HANDLESIZE,
HANDLESIZE);

XFillRectangle Ldisplay-ptr, *-drawing-area~pixmap,
drawý_context, xl, yl, HANDLESIZE, HANDLESIZE);

XFillRectangle Ldisplay-ptr, *-drawing-area~pixmap,
draw-context, x2 - HANDLESIZE, yl, HANDLESIZE,
HANDLESIZE);

XFillRectangle (Aisplay-ptr, *-drawingarea-pixmap,
draw-context, xl, y2 - HANDLESIZE, HANDLESIZE,
HANDLESIZE);

XFillRectangle Ldisplay-ptr, *-drawing-area-pixmap,
drawý_context, x2 - HANDLESIZE, y2 - HANDLESIZE,
HANDLESIZE, HANDLESIZE);

XSetFunction(_display~ptr, draw-Context, GXcopy);

II Determines the dimensions of the text blocks, _name-font
IIand ..met-font must be set before calling. Text strings
IIare automatically broken at underscores, except for
IIunderscores in the first and last character of the string.

void operatorobject::set_text__dimensions()
mnt i, enc~prev index = -1, widest_string =0, num breaks =0,

widest-start-Jndex, tempwidth, tempheight, str_len;
char temp~str[INPUTLINESIZE];

if(.name-ptr ==NULL){

_name-width =0;

_name..height 0;

else (
str_len = strlen(_name-ptr);
for(i = 0; i < str_len; i++)

if(-name...ptr~i] =

if((i != 0) && (i (str-len - 1))M
nuM_breaks++;
temp-width = i - end...prev-index;
if(temp-width > widest-..string)(
widest_string = temp....width;
widest-start-index = end~prev-index + 1;

end...prevý-index = 1;

if(end-prev..jndex < (str...len - 1))
temp-.Width = str_len - 1 - end-.prevj-ndex;
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if(tempwidth > widest_string)(
widest_string = temp-width;
widest-start-index =end-prev-index + 1;

if (widest_string == 0)(
widest-start-index = 0;
widest-string = str-len;

strncpy(temp~str, &(-name-ptr[widest-start_index]),
widest~string);

temp~str[widest string] = NULL;
_name-width = font-text width(_name~font, temp~str);
temp-height =font_text_ýheight Lname-font);
-name-height = temp-jieight * (nuirubreaks + 1);

if (m-et 1=NULL-VALUE)(
_met-width = font_textwyidth(_mnet_font, -met~string~ptr);
mjet_ýheight = font_text...height(_met~font);

else{
_mnet-width = 0;
mjet_height = 0;

OperatorObject: :OperatorobjectoC GraphObjecto(

_name~ptr =NULL;

_name-font =_eal~ot

_name-x = NULLVALUE;
-name-y = NULLVALUE;
_met_string...ptr = NULL;
_met_font = _default_font;
_met~x = NULLVALUE;
-met...y = NULLVALUE;
_is-selected = FALSE;
_is-deleted = FALSE;
_is_modified = FALSE;
_handle-selected = NONE;
_name_selected =FALSE;

_met-selected =FALSE;

reset_handles-ýdrawn_stateo;
_name__width = 0;
.name_height = 0;
_met__width = 0;
_met_height = 0;

II MET values less than zero are considered to represent
IImicrosecond values.

operatorObject::OperatorObject(char *in_name-..ptr, mnt in-id,
mnt in-met, mnt in-x, int in-y,
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int inradius, int in_color,
BOOLEAN in-is-new,
BOOLEAN in-iscomposite,
BOOLEAN in-is-terminator)

char buffer(INPUT_LINESIZE];

_name ptr = strdup(in nameptr);
_id in_id;
_met = inmet;
if( met == NULLVALUE)

_met-string-ptr = NULL;
else (

if(_met < 0)
sprintf(buffer, %d us", -- met);

else
sprintf(buffer, I%d ms', -met);

_metstring-ptr = strdup(buffer);
I
_x = in_x;
_y = iny;
_radius = inradius;
-color = incolor;
_isnew = in_is_new;
_isdeleted = FALSE;
_ismodified = FALSE;
_iscomposite = inis-composite;
_is-terminator = inisterminator;
_isselected = FALSE;
_nameselected = FALSE;
_metselected = FALSE;
_handleselected = NONE;
_namefont = _default_font;
_metfont = _default_font;
settextdimensionso;
setdefaulttextlocationo;
resethandlesdrawn_stateo;

OperatorObject::-OperatorObject() (

delete _nameptr;
delete _metstringptr;

// Determines a default location for the MET string.

void OperatorObject::setdefault_metlocation() (

if(_is_terminator)
_metx = _x + (int) ((float) _radius * 1.5)

- (_met-width / 2);

else
_metx = _x + _radius

- (-met-width / 2);
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.jnet-.y= y

II Determines a default location for the name string.

void operatorobject::set default-name_location()

if Lis-terminator)
_name~x = _x + (int) ((float) _..radius * 1.5)

- (_.name-width / 2);
else
_name~x = __x + -radius

- (_.name_width / 2);
...name..y = -y + -radius + (...name..height / 2);

II Convenience routine for setting both locations at once.

void operatorobject::set default_text_location()

set_default_name_locationo;
set-default_met_locationo;

GESTATUS OperatorObject::build-from...property() (return FAILED;)

II Builds an operator from a disk file.

GE_STATUS OperatorObject::build-front-disk(FILE *infile){
char buffer[INPUTý_LINE_SIZE + 1], *error...str...ptr = NULL;
mnt last-..char;
GE_STATUS status = SUCCEEDED;

fgets(buf for, INPUT_LINESIZE, infile);
last-char = strlen(buf for) - 1;
if(buffer[last..char] == '\n') IIStrips off trailing rewline

buffer~last...char] = 0;
if(strcmp(buffer, 'STREAMS') =0)

return ENDED;
else (
...nanie..ptr = strdup(buf for);

fgets(buf for, INPUTLINE...SIZE, infile);
if(valid~jium...string(buf for))(
_name-font = atoi(buf for);
if(.nanie-font > MAXFONTS)

error-.str...ptr = strdup('Name Font Too Large");

else
error...str...ptr = strdup('Corrupted Name Font');

if(error...str...ptr == NULL)(
fgets(buffer, INPUTLINE_SIZE, infile);
if (vali&..num-string (buffer))
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_name_x = atoi(buffer);
else

error-str-ptr =strdup("Corrupted name-x");

if (error_str~ptr =NULL)(

fgets(buffer, INPUT_LINE_SIZE, infile);
if(valid~num-string(buffer))

-name~y = atoi(buffer);
else

error-str-ptr =strdup('Corrupted naxne.y");

if (error_str~ptr ==NULL){

fgets(buffer, INPUT_LINE_SIZE, infile);
if(valic~nuxn_string(buffer))
_id = atoi(buffer);

else
error-str~ptr =strdup("Corrupted id");

if (error_str~ptr ==NULL)

fgets(buffer, INPUTLINESIZE, infile);
if(valid~num_string(buffer))

-met = atoi(buffer);
else
error-str-ptr =strdup("Corrupted met");

if (error_str~ptr ==NULL)(

if(_met == NULL_VALUE)
_met-string-ptr = NULL;

else (
if( met < 0)

sprintf(buffer, Ad us', -_met);
else

sprintf(buffer, I%d mns', _met);
-met-string-ptr = strdup(buffer);

if (error_str..ptr == NULL)(
fgets(buffer, INPUTLINESIZE, infile);
if(valid~num_string(buffer))(
_met-font = atoi(buffer);
if Lmet-font > MAXFONTS)
error-str-ptr = strdup('Met Font Too Large');

else
error-str~ptr =strdup('Corrupted Met Font');

if (error str...ptr ==NULL)
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set-text-dimensionso;

if (error str~ptr == NULL)
fgets(buffer, INPUTLINE_SIZE, infile);
if (valid_num-string(buffer))
_met-x = atoi(buffer);

else
error_str-ptr =strdup("Corrupted met-x");

if(error~str~ptr ==NULL)(

fgets(buffer, INPUTLINESIZE, infile);
if (valid-nuin-string(buffEr))

_Aet..y = atoi(buffer);
else

error_str~ptr ztrdup("Corrupted met~yO);

if(error~str~ptr ==NULL){

fgets(buffer, INPUT__LINESIZE, infile);
if (valid_nuxn-string(buffer))
_x = atoi(buffer);

else
error-str-ptr =strdup('Corrupted x0);

if (error str..ptr ==NULL)(

fgets(buffer, INPUTLINE&SIZE, infile);
if (valid-num-string(buffer))

-Y= atoi(buffer);
else

error_str~ptr =strdup(*Corrupted y');

if (error str~ptr ==NULL)
fgets(buffer, INPUTý_LINE SIZE, infile);
if (valid_nuxnL_string(buffer))

-radius = atoi(buffer);
else

error-str-ptr =strdup("Corrupted radius');

if (error_str~ptr ==NULL){

fgets(buffer, INPUT_-LINE-SIZE, infile);
if (valid-nuni-string(buffer))(

-color = atoi(buffer);
if(_color > MAXCOLORS)
error-str~ptr = strdup("Color Too Large");

else
error-str-ptr =strdup(OCorrupted Color");

if (error str~ptr ==NULL)

210



if (strcmp ("TRUE\nm,
fgets(buffer, INPUTLINE_SIZE, infile)) == 0)

_is_Ieleted = TRUE;
else

if(strcmp(buffer, 'FALSE\n") == 0)

_is-deleted = FALSE;
else

error-str-ptr = strdup("Corrupted is-deleted");

if(error~str~ptr == NULL){
if (strcmp( "TRUE\nx,

fgets(buffer, INPUTLINESIZE, infile)) == 0)
//Change this if original _is-new should be saved.

_is_new = FALSE;
else

if(strcmp(buffer, "FALSEWn") == 0)

-is new = FALSE;
else

error-str-ptr = strdup(*Corrupted is_new0 );

if(error~str~ptr == NULL)(
if (ptrcmp( "TRUE\nm,

fgets(buffer, INPUTLINESIZE, infile)) ==0)

_is-modified = TRUE;
else

if(strcmp(buffer, "FALSE~n") == 0)

_is-modified =FALSE;

else
error_str~ptr =strdup("Corrupted is-modified");

if(error~str~ptr ==NULL)
if (strcmp ( TRUE\n",

fgets(buffer, INPUT_LINESIZE, infile)) == 0)
-is-composite = TRUE;

else
if(strcmp(buffer, IFALSEWN") == 0)

-is-..composite = FALSE;
else

error_str~ptr = strdup("Corrupted is_composite");

if(error...str-ptr == NULL)(
if (strcmp ( TRUE\n",

fgets(buffer, INPUT_LINE_SIZE, infile)) == 0)
-is-terminator =TRUE;

else
if(strcmp(buffer, MFALMEOn) == 0)

_is-terminator =FALSE;

else
error_str...ptr =strdup('Corrupted is_terminator");
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if (error-str...ptr ==NULL)(
if(__naxne-x == NULLVALUE)
set-default-name-locationo;

if Ljmet-x ==NULLVALUE)
set-default--met-locationo;

if(error-str~ptr !=NULL){
sprintf(buffer, "operator %s: %

5
N, _name~ptr,

error str..ptr);
error--ox(buffer);
status = FAILED;
free~error-str~ptr);

if(ferror(infile))
sprintf (buffer,

'MUnix reported an error building operator %s",
-name~ptr);

error-box(buffer);
clearerr(infile);
status = FAILED;

return status;

GESTATUS OperatorObject::write to-property() (return FAILED;)

IIWrites the operator's attributes to disk.

GESTATUS OperatorObject::write-to-disk(FILE *outfile) (

char buffer[INPUTLINE_SIZE + 1];

fprintf(outfile, "%s\nO, __name~ptr);
sprintf(buffer, m%d\n%d\n%do, -name font, _name-x, -namesy);
fprintf(outfile, N%s\fl, buffer);
sprintf(buffer, I%dn, -id);
fprintf(outfile, I%s\nff, buffer);
sprintf(buffer, N%dm, _Met);
fprintf(outfile, I%s\nl, buffer);
sprintf(buffer, 1%d\n%d\n%d1, ..met~font, _.metx, _Metjy);
fprintf(outfile, *%s\nl, buffer);
sprintf(buffer, -%dl, .x);
fprintf(outfile, '%s\nO, buffer);
sprintf(buffer, '%dm, _~y);
fprintf(outfile, a%s\n1, buffer);
sprintf(buffer, 9%d', _radius);
fprintf(outfile, 1%s\n1, buffer);
sprintf(buffer, ltdg, _color);
fprintf(outfile, N%s\nf, buffer);
if (is~deleted)

fprintf(outfile, ITRUE\nff);

212



else
fprintf (outfile, "FALSE\nl);

if (is new)
fprintf(outfile, "TRUE\n");

else
fprintf(outfile, "FALSE\n");

if Lis-modified)
fprintf(outfile, "TRUE\n");

else
fprintf(outfile, "FALSE\n');

if (-s-composite)
fprintf(outfile, "TRUE\nm);

else
fprintf(outfile, "FALSE\nl);

if (Js-terminator)
fprintf(outfile, "TRUE\nl);

else
fprintf(outfile, uFPJ..SE\nu);

if(ferror(outfile))
clearerr(outfile);
return FAILED;

else
return SUCCEEDED;

II Writes a text block to the drawing canvas. Text strings
IIare broken at underscores, except when in the first and
IIlast character position.

void OperatorObject::write..block(GC draw -context, mnt x, mnt y,
char *instring, mnt block_height) (

mnt i, str-jen, nurn-lines = 1, string~width, start-index = 0,
yinc, block-index = 0;
char *block~text[MAXTEXTLINESJ, temp-string(INPUTLINESIZE];

if(instring != NULL)
str-len =strlen(instring);
if(str-len != 0)

for(i = 0; i < str_len; i++)
if(instring~i] =

if((i != 0) && (i 1=(str len - 1)))
stringwyidth = i -start index + 1;
strncpy(temp-.string, &(instringtstartjindexJ),

string....width);
temp-stringtstringwidth] = NULL;
block...text~numq_lines -11 = strdup(temp-string);
start-index = i + 1;
nuinL-lines++;

if (start-index < str~len)
stringwyidth = i - start_index + 1;
strncpy(temp-..string, &(instring[start_index]),
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stringwyidth);
temp-string(string~widthJ = NULL;
block-text~num-lines - 1) = strdup(temp-string);

else
num-lines--;

yinc =block~height / nuzxnlines;
for(i =0; i < num-lines; i++) (

str_len = strlen(blockctext[iJ);
XDrawString(-display...ptr, -draw-window, drawcontext, x,

y - (yinc * (num-lines - i -1)

block-text[i], strilen);
XDrawString(-display~ptr, *-drawing-area~pixmap,

drawý_context, x,
y - (yinc * (nurmjines - i - 1)),
block-textfiJ, strilen);

free(block-textni]);

II Writes text on the drawing canvas, including handles if
IIappropriate. Since handles are drawn in exclusive-or mode,
IIit's important to make sure that.they aren't redrawn
IIunless they've been erased or they need to be erased.

void Operatorobject::draw text(DRAW...STYLE style)
GC drawý_context;

if((style == SOLID) 11 (style == DOTTED))
draw_context = _graphics~context;

else
if(style == ERASE)

drawý_context = _erase_context;
set-font (draw_ ntx, -.namne-font);
write block(draw-context, _name-x, .name-y, _name~ptr,

.name_ýheight);
if((_name_selected) && name-ýhandles_drawn == FALSE) &

(style == SOLID))
drawý_handles(_graphics-context, -..name~x - HANDLESIZE,

_name-y - .name-height - HANDLES IZE,
_name_x + _name_width + HANDLESIZE,
.name...y + HANDLES IZE);

_name_handles_drawn =TRUE;

else
if((..name...selected) && name~handles_-drawn == TRUE) &

(style == ERASE)) (
drawý-handles Lgraphics~context, _name_.x - HANDLESIZE,

_nane-y - _name-height - HANDLES IZE,
_name_x + _name-width + RANDLESIZE,
_name-y + HANDLES IZE);

_name-handles..drawn = FALSE;
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if(-met != NULL -VALUE)(
set-font(draw-context, _Met~font);
XDrawString(_display-ptr, -draw-window, draw-Context,

mjet~x, -met-y, -met_string~ptr,
strlen(_met_string~ptr));

N--'awStrincj Qdisplay~ptr, *-drawing~area~pixmap,
draw-context, -met-x, -met~y, mjet~string~ptr,
strien(_met_string~ptr));

if((_ met_selected) && (__Methandles-drawn == FALSE) &&
(style == SOLID)) (

draw-handles Lgraphics_context, etx-HANDLESIZE,
_met~y - _pet-ýheight - HANDLESIZE,
mpet-x + __met-width + HANDLESIZE,
_Met~y + HANDLESIZE);

_ met -handles-drawn = TRUE;

else
if(L-met-selected) && (_met_handles-drawn == TRUE) &

(style == ERASE))
draw handles(_graphics context, met~x - HANDLESIZE,

_Met-y - -met-height 7 HANDLESIZE,
mpet__x + _pet-Width + HANDLES IZE,
-met-y + HANDLESIZE);

mpet_handles-drawn = FALSE;

II Draws the operator.

void OperatorObject: :draw(DRAWSTYLE style)(
GC draw-context;

if(-is deleted == FALSE){
if (style == SOLID)

drawý_context = _graphics context;
else

if (style == DOTTED)
drawý_context = _dotted-Context;

else
drawý_context = _erase_context;

if (-s-terminator)
if (style == SOLID)(
XSetForeground Ldisplay-ptr, drawý_context,

_color_table[LcolorJ);

if(style != DOTTED)
XFillRectangle(__display~ptr, -draw -window, drawý_context,

_x, _y, _radius * 3, _radius * 2);
XFillRectangle (-..display...ptr, *_drawing-area-pixmap,

drawý_context, _x, _y, _.radius * 3,
_radius * 2);
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if (style == ERASE)

_op_ýhandles-drawn = FALSE;

if (style == SOLID)
XSetForeground(_display-ptr, draw-Context, _color-table [BLACK]);

XDrawRectangle(_display-ptr, -draw _window, draw-context,

_x, _y, _radius * 3, -radius * 2);
XDrawRectangle L-display-ptr, *-drawing~area~pixmap,

draw._context, -x, -y, _radius * 3,
-radius * 2);

if(L-is-s~elected) && L-op..handles-drawn == FALSE) &&
(style == SOLID)) (

draw-handles(_graphics_context, _x, _y,
_x + (3 * _radius), _y + (2 -radius));

_op~handles-drawn = TRUE;

else(
if Lis-composite)

if (style == SOLID)(
XSetForeground Ldisplay-ptr, draw-context,

-color-table LcolorJ);

if(style !=DOTTED)(
XFillArc Ldisplay-ptr, -draw-window, draw-context,

-x + COMPOSITE_SPACE, _ +CMOIESPACE,

(_radius - COMPOSITESPACE) * 2,
(-radius - COMPOSITE-SPACE) * 2,
CIRCLEBEGIN, FULLSCIRCLE);

XFillArc(_display~ptr, *_drawing__rea~pixmap,
drawý-context, x + COMPOSITESPACE,

_y+ COMPOSITE_SPACE,
(_radius - COMPOSITE_SPACE) * 2,
(_radius - COMPOSITESPACE) * 2,
CIRCLEBEGIN, FULL-CIRCLE);

if (style == SOLID)
XSetForegrourd Ldisplay-ptr, drawcontext, _color-table [BLACK]);

XDrawArc(-display-ptr, -draw-window, draw-context, -x,
_y, -radius * 2, _radius * 2, CIRCLE-BEGIN,
FULL-CIRCLE);

XDrawArc(_display~ptr, *-drawing~area-pixmap,
draw-context, --x, -y, -radius * 2, _radius *2,
CIRCLEBEGIN, FULL-CIRCLE);

XDrawArc(__display...ptr, -draw-window, drawý_context,
_x + COMPOSITESPACE, _y + COMPOSITESPACE,
(_radius - COMPOSITESPACE) * 2,
(_radius - COMPOSITESPACE) * 2, CIRCLE_BEGIN,
FULLSCIRCLE);

XDrawArc Ldisplay~ptr, *-drawing~area-pixmap,
drawcontext, _x + COMPOSITESPACE,
_.y + COMPOSITE-SPACE,
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(_radius - COMPOSITE-SPACE) *2,

(_radius - COMPOSITE-SPACE) *2, CIRCLEBEGIN,
FULLCIRCLE);

else
if (style == SOLID)
XSetForeground(_display~ptr, draw-context,

_color_table[Lcolor]);

if(style !=DOTITED) f
XFillArc Ldisplay-ptr, -drawý_window, drawcontext,

-x, -y, -radius * 2, -radius * 2,
CIRCLE_BEGIN, FULLCIRCLE);

XFillArc Ldisplay-ptr, *-drawing-area-pixmap,
draw-context, x, -.y, -radius * 2,
-radius *2, CIRCLE_BEGIN, FULL-CIRCLE);

if (style ==SOLID)(
XSetForeground(__display-ptr, draw-Context, _color_table (BLACK]);

XDrawArc(_display~ptr, _draw-window, draw-context,
_X, _y, _radius * 2, _radius * 2, CIRCLEBEGIN,
FULLCIRCLE);

XDrawArc Lýdisplay~ptr, *drawing-Area.~pixmp,
draw-context, -x, _y, _radius *2, _radius *2,
CIRCLEBEGIN, FULLSCIRCLE);

if(L-is-selected) && (_ophandles_drawn FALSE) &&
(style == SOLID)) f

drawý_handles(_graphics context, _x, _y,
-x + (2 * -radius), -Y +-(2 -radius));

_op~handles-drawn = TRUE;

else
if((_is_selected) && L--op-handles -- drawn ==TRUE) &

(style == ERASE)) f

drawý-handles Lgraphics-context, -X, .. Y,
.x t (2 * _radius), _y + (2 *_radius));

_op~handles_drawn =FALSE;

draw-text(style);

void operatorobject::erase()

draw (ERASE);

void OperatorObject::erase__text() f

draw-text (ERASE);
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II Returns true if the coordinates are located within either

II the operator or one of its text strings.

BOOLEAN OperatorObject::hit(int x, int y)

if(_isdeleted)
return FALSE;

else (
if(_nameptr != NULL) (

if(strlen(_name-ptr) 0)
if(((x >= _name x) && (x <= (_namex + _namewidth))) &&

(y >= _nane- y - nameheight) && (y <= _namey))
_nameselected = TRUE;
return TRUE;

I
)
if(_metstringptr NULL) (

if(strlen(_metstring-ptr) 0)
if(((x >= _met~x) && (x <= (_metx + _metwidth))) &&

(y >= _met-y - met-height) && (y <= _mety))
_metselected = TRUE;
return TRUE;

)
)
if (_isterminator) C

if(((x >= _x) && (x <= (-x + (3 * _radius)))) &&
(y >= _y) && (y <= (_.y + (2 * _radius))))

return TRUE;
else

return FALSE;
)
else (

if(((x >= _x) && (x <= (_x + (2 * _radius)))) &&

(y >= _y) && (y <= (_y + (2 * _radius))))
return TRUE;

else
return FALSE;

I
)

1/ Returns the coordinates of the center of the given
// operator.

XYPAIR OperatorObject::center()
XYPAIR temp-pair;

if(_is_terminator) {
temppair.x = _x + (int) ((float) _radius * 1.5);

temppair.y = -y + _radius;
)
else (

temppair.x = _x + _radius;
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temppair.y = -y + -radius;

return temp-pair;

// Given the last coordinate, returns the point on the
// circumference of the operator where streams should begin
// or end.

XYPAIR OperatorObject::intercept(int x, int y)
int distance;
float slope;
XYPAIR temp-pair, objcenter;

obj center = center();
if(_is_terminator) (

slope = (float) (y - objcenter.y) /
(float) (x - obj center.x);

if(fabs(slope) >= (2.0 / 3.0)) (
if(y <= _y)

temppair.y = _y;
else

temp-pair.y = -y + (-radius * 2);
temp-pair.x = (int) ((float) (temppair.y - objcenter.y) /

slope) + obj_center.x;
)
else (

if(x <= _x)
temppair.x = _x;

else
temppair.x = _x + (_radius * 3);

temppair.y = (int) ((float) (temppair.x - objcenter.x) *

slope) + obj-center.y;
I

)
else (

distance = (int) sqrt(((x - obj_center.x) * (x - objcenter.x)) +
(y - obj-center.y) * (y - obj_center.y));

temp-pair.x = obj-center.x + (int)
(((float) -radius/ (float) distance) *

(float) (x - obj_center.x));
temppair.y = obj_center.y + (int)

(((float) _radius/(float) distance) *
(float) (y - objcenter.y));

)
return temppair;

// Moves the operator the given distance.

void OperatorObject::move(int x, int y) {

_x += X;

_y += Y;
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if(x< 0)

ýx 0;
if (-y < 0)

_y 0;
_name-x + = x;

_name-y += Y

_metx += x;

_met-y += y

// Relocates the operator to the given position. x and y
//represent the center of the operator.

void operatorobject::set-location(int x, int y)(
mnt old-x = _x, old-y = y

if (-s-terminator)
.x = x - (int) ((float) _radius *1.5);

else
.x =x - -radius;

_y = y - -radius;
if(Lx < 0)

=x 0;
if Ly < 0)
-Y 0;

if(_na~me..x == NULLVALUE)
set_default_name_locationo;

else(
_name~x += _x - old~x;
-name..y += _y - old-y;

if -metx == NULL_VALUE)
set_default_met_locationo;

else (
_met~x += _x - old-x;
miet-y += _y - old-y;

reset-handles-drawn~state();

II Included for symmetry. Streams delete themselves when
IItheir operators are deleted, so this function is included
IIfor possible future use.

void OperatorObject::delete_notify(CLASSDEF class-type,
int deletedý_objectjid) (

void Operatorobject::replace~name(char *newý_name)

delete _name~ptr;
-name-.ptr = strdup(new...name);
set-text-dimensionso;
set_default_name_locationo;
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void OperatorObject::unselect() (

erase();
_is-selected = FALSE;
_name_selected = FALSE;
_metselected = FALSE;
draw(SOLID);

void OperatorObject::select() (

_is-selected = TRUE;
draw(SOLID);

I

II Returns TRUE if one of the handles is in the given
I/ location.

BOOLEAN OperatorObject::hithandle(int x, int y) {

if((_x <= x) && (x <= (.x + HANDLESIZE)) &&

(_y <= y) && (y <= (_y + HANDLESIZE)))
_handleselected = UPPERLEFT;
return TRUE;

)
if((_x <= x) && (x <= (-x + HANDLESIZE)) &&

((_y + 2 * _radius - HANDLESIZE)<= y) &&
(y <= (_y + 2 * _radius))) (

_handleselected = LOWERLEFT;
return TRUE;

I
if(_isterminator) (

if(((_x + 3 * _radius - HANDLESIZE) <= x) &&
(x <= (.x + 3 * _radius)) &&
(Ly <= y) && (y <= (_y + HANDLESIZE))) (

_handle_selected = UPPERRIGHT;
return TRUE;

)
if(((_x + 3 * _radius - HANDLESIZE) <= x) &&

(x <= (.x + 3 * _radius)) &&
((_y + 2 * _radius - HANDLESIZE) <= y) &&

(y <= (_y + 2 * radius))) (
_handleselected = LOWERRIGHT;
return TRUE;

I
I
else {

if(((_x + (-radius * 2) - HANDLESIZE)<= x) &&
(x <= (_x + 2 * _radius)) &&
(_y <= y) && (y <= (_y + HANDLESIZE))) (

_handleselected = UPPERRIGHT;
return TRUE;

2
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if(((_x + 2 * _radius - HANDLESIZE) <= x) &&
(x <= (-x + 2 * _radius)) &&
((_y + 2 * -radius - HANDLESIZE) <= y) &&
(y <= (_y + 2 * _radius))) (

_handleselected = LOWERRIGHT;
return TRUE;

)

_handleselected = NONE;
return FALSE;

// When the handle is dragged, the operator is resized.

void OperatorObject::movehandle(int x, int y) (
int radius-change = y / 2;

//used to eliminate "floating' due to roundoff

draw(DOTTED);
if(Lhandleselected == UPPERLEFT) (

-radius -= radius-change;
if(_radius >= MINRADIUS)

if(_isterminator)
_x += 3 * radiuschange;

else
_x += 2 * radiuschange;

-y += 2 * radiuschange;
I

else
_radius += radiuschange;

}
else
if(_handleselected == UPPERRIGHT) (

-radius -= radius-change;
if(_radius >= MINRADIUS)

-y += 2 * radiuschange;
else

_radius += radiuschange;
}
else

if(_handleselected == LOWERRIGHT) {
_radius += radius-change;
if(_radius < MINRADIUS)

_radius -= radiuschange;
}
else

if(_handleselected == LOWERLEFT) {
_radius += radiuschange;
if(_radius >= MINRADIUS) (

if(_is-terminator)
_x -= 3 * radius-change;

else
_x -= 2 * radius-change;

2
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else
-radius -= radius-change;

/1Places the text in default location. May not be desired.
iiset-default-text-locationol;
draw (DOTTED);

IIChanges the MET to that entered in the properties dialog
IIbox.

vc 4d OperatorObject::set ccnstraint(int constraint){
char buffer[INPUTLINE_SIZE);
mnt old_met = -met;

-met = constraint;
delete _met-string-ptr;
if L-met == NULL_-VALUE)

__met_string~ptr = NULL;
else

if(_met < 0)
sprintf(buffer, "%d us', --met);

else
sprintf(buffer, m%d ins', -met);

-met-strir'gptr = strdup(buffer);

set-text_dimensionsti;
if (old met == NULL_VALUE)
set-default-met-locationo;

II Changes the font of the selected text string.

void OperatorObject::set objectjfont(int font~id)(

if -name-selected)
_name-font = font.Jd;

if Lmet-selected)
_met-font = font-id;

set-text-dimensionso;

II Ioves the text.

void operatorobject::move_text(int x, mnt y)

erase_text();
if (name-selected){
_name-x += x;
-name-y += y;

else
if( met-selected){
...iet~x += x;
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.met~y +i= y;

draw -text (SOLID);

II Handles undeleted operators.

void operatorobject::undelete notifyCCLASSDEF class-type,
int deleted-obj-id)(

if((class-type == OPERATOROBJECT) &
(deleted -objjid == _id))

_is-ýdeleted =FALSE;

_is_mIodified =TRUE;

_is-selected =FALSE;

_name-selected =FALSE;

_met_selected =FALSE;

_handle-selected = NONE;

void Operatorobject::reset_handles-drawn_state()

__op~handles-drawn =FALSE;
_name_ýhandles-drawn =FALSE;

_met_handles-drawn =FALSE;

mnt OperatorObject: :textheight()

if Lname-selected)
return _name-height;

else
if (_met~sele,ý-ted)
return _mnet~height;

else
return 0;

mnt OperatorObject::text-width()

if Lname-selected)
return _name-width;

else
if(_met~selected)
return _met-width;

else
return 0;

II Moves the text to the desired location.

void operatorobject::text-locate(int x, int y)
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if(_Met_selected)
_met__x = x - _met-width /2;
_met~y = y + _met--height /2;

else
if(_name_selected)(
-name-x= x- _name-width/2;
-naxne~y = y + name-height /2;

void OperatorObject::set_handleý_selected(int handle){

_Lhandle_selected = handle;
_is_selected =TRUE;
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Name: resources.h
Author: Capt Robert M. Dixon
Program: grapheditor
Date Modified: 21 Sep 92
Remarks: Establishes common defines for the different

colors and fonts used in the grapheditor.

****************-k********************************************* */

#ifndef RESOURCES_H
#define RESOURCES_H 1

#define MAXCOLORS 64
#define AQUAMARINE 1
#define BLACK 2
#define BLUE 3
#define BLUEVIOLET 4
#define BROWN 5
#define CADETBLUE 6
#define CORAL 7
#define CORNFLOWERBLUE 8
#define CYAN 9
#define DARKGREEN 10
#define DARKOLIVEGREEN 11
#define DARKORCHID 12
#define DARKSLATEBLUE 13
#define DARKSLATEGREY 14
#define DARKTURQUOISE 15
#define DIMGREY 16
#define FIREBRICK 17
#define FORESTGREEN 18
#define GOLD 19
#define GOLDENROD 20
#define GREY 21
#define GREEN 22
#define GREENYELLOW 23
#define INDIANRED 24
#define KHAKI 25
#define LIGHTBLUE 26
#define LIGHTGREY 27
#define LIGHTSTEELBLUE 28
#define LIMEGREEN 29
#define MAGENTA 30
#define MAROON 31
#define MEDIUMAQUAMARINE 32
#define MEDIUMBLUE 33
#define MEDIUMORCHID 34
#define MEDIUMSEAGREEN 35
#define MEDIUMSLATEBLUE 36
#define MEDIUMSPRINGGREEN 37
#define MEDIUMTURQUOISE 38
#define MEDIUMVIOLETRED 39
#define MIDNIGHTBLUE 40
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#define NAVY 41
#define ORANGE 42
#define ORANGERED 43
#define ORCHID 44
#define PALEGREEN 45
#define PINK 46
#define PLUM 47
#define RED 48
#define SALMON 49
#define SEAGREEN 50
#define SIENNA 51
#define SKYBLUE 52
#define SLATEBLUE 53
#define SPRINGGREEN 54

#define STEELBLUE 55
#define TAN 56
#define THISTLE 57
#define TURQUIOSE 58
#define VIOLET 59
#define VIOLETRED 60
#define WHEAT 61
#define WHITE 62
#define YELLOW 63
#define YELLOWGREEN 64

#define MAXFONTS 6

#define COURIERBOLD10 1
#define COURIERBOLD12 2
#define COURIERBOLD14 3
#define COURIERMEDI0 4
#define COURIERMED12 5
#define COURIERMED14 6

#endif
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Name: sde.c
Author: Capt Robert M. Dixon
Program: sde
Date Modified: 21 Sep 92
Remarks: The graph.editor program is written to interface

with the CAPS '93 syntax-directed editor. Since this
editor is not finished, sde was written to exercise
the necessary functions that the real syntax-directed
editor would use.

sde uses the same in-memory data structures that
the syntax-directed editor uses, and interfaces to
the graph editor in the same way.

#include <stdio.h>
#include <malloc.h>
#include <string.h>
#include Isdege.h'
#include 'globals.h'
#include Nresources.h"

#define INPUTLINESIZE 100

/* These three functions are provided by geinterface.c to
provide the graph editor support. The syntax-directed
editor invokes a copy of the graph editor in viewer mode,
and then calls refresh() to update its display.

To edit the graph, edit() is called.
To make the viewer go away, kill_viewer() is called.

*/

extern void refresho;
extern void edito;
extern void kill_viewero;

/* If changed, change in graph-editor.C also. */
#define NULL_VALUE 0

/* Builds an operator node with the given values. */

struct op.node* buildop-node(name, id, met, x, y, radius,
color, is_deleted, isnew,
isjmodified, iscomposite,
isterminator)

char *name;
OP_ID id;
int met, x, y, radiias, color;
BOOL is_deleted, isnew, is_.modified, is composite,

is_terminator;
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struct op~node* temp~node
(struct op-node *)malloc(sizeof(struct op~node));

temp~node->op =
(struct op-str *)malloc~sizeof(struct op-str));

tempnode->op->name = strdup (name);
temp~node->op->naxne_font = NULL-VALUE;
temp-node->op->name_x = NULL_VALUE;
temp-node->op->naxne..y = NULLVALUE;

temp-node->op->id = id;
if (met == NULLVALUE)

tempj-node->op->met = NULL;
else (

temp-node->op->met = (int *) malloc(sizeof(int));
*(temp-node..>op->met) = met;

tepnd-o-mtfn ULVLE
temp~node->op->met-fon = NULL_VALUE;
temp~node->op->met_x NULLVALUE;

temp~node->op->et = ULVAUE

temp~node->op->y = y

temp~node->op->radius = radius;
temp~node->op->color = color;
temp~node->op->is-deleted = is-deleted;
temp~node->op->is-new = is-.new;
temp~node->op->is -modified is-modified;
temp~node->op->is-composite =(BOOL 0) malloc(sizeof(BOOL));
*(temp~node->op->is composite) = is_composite;
temp-.node->op-->is_terminator = is-terminator;
temp-node->next = NULL;
return temp~node;

/* Displays the values in the given operator node. *

void display~op-nodeso()4
struct op-node *temp~node-ptr the~operator_list;

while(temp...node~ptr !=NULL) 4
printf("Name: %s ,temp~node-ptr->op->name);

printf("Id: %d 1, temp-node-ptr->op->id);
printf('Font: %d %d %d N, temp~node...ptr->op->nanie font,

temp-node-ptr->op->name~x, temp-node-ptr->op->name.y);
if(temp~node..ptr->op->met == NULL)

printf('Met: None 1);
else

printf ("Met: %d 0, * (temp~node~ptr->op->met));

printf(Ix: %d N, temp-node-ptr->op->x);
printf(*y: %d ', temp-node-ptr->op->y);
printf(Iradius: %d 1, temp...node-ptr->op->radius);
printf(Icolor: %d 1, temp..node-ptr->op->color);
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if (tempnode~ptr->op->is~deleted)
printf(O deleted';

else
printf(" not-deleted )

if (temp-node~ptr->op->is-new)
printf(o new m);

else
printf(O not_new 0);

if (temp-node-ptr->op->is modified)
printf(I modified ");

else
printf(I not modified i');

if (temp-node-ptr->op->is-composite NULL)
printf(

"is-composite pointer is NULL. Possible problem.\n");
else (I

if (*(temp~node~ptr->op->is..composite))
printf(" composite 0);

else
printf(m not-composite )

if (temp-node~ptr->op->is-terminator)
printf C" terminator \no);

else
printf(m not_terminator \no);

temp~node~ptr = temp~node~ptr->next;

/* Displays the values in the given stream node. *

void display-st_nodes() (
struct st-node *temp-node-ptr = the_streamr_list;
struct spline_node *temp-spline-ptr;

while(temp~node~ptr NULL) (
printf("Name: %s ",temp-node-ptr->st->name);

printf('Id: %d -,temp-node...ptr->st->id);

printf('From: )

if(temp~nodept->st->from != NULL)
printf(I %d 0, temp-node-ptr->st->from->op->id);

else
printf(ION);

printf('To: 1);
if(temp~node~ptr->st->to != NULL)
printf('%d ", tempnhode..ptr->st->to->op->id);

else
printf(IOI)

printf(I1"1
temp..spline~ptr = temp~node~ptr->st->arc;
while(temp~spline-ptr != NULL) (

printf(a %d %d,,, temp~spline...ptr->x, temp-spline-ptr->y);
temp-spline-ptr = temp~spline~ptr->next;
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printf(mll);
printf ("Latency: %d 1, temp~node~ptr->st->latency);
if(temp-node-ptr->st->is_deleted)
printf(" deleted )

else
printf(" not-deleted )

if (temp-node-ptr->st->is~new)
printf(m new m);

else
printf(I not~new 1);

if (temp-node-ptr->st->is-modified)
printf(I modified ');

else
printf(I not-modified )

if (temp-node-ptr->st->is-state variable)
printf(" state-variable \n');

else
printf(N not_state_variable \n');

temp-node-ptr = temp~node~ptr->next;

/* Builds a stream node with the given parameters. *

struct st-node* build_st_node(name, id, from, to, arc, latency,
is-deleted, is-..new, is modified,
is-state-Yariable)

char *name;
ST_ID id;
OPNodePTR from, to;
SPLINE_PTR arc;
mnt latency;
BOOL is_deleted, is-new, is_modified, is_state_variable;

struct st-node* temp-node=
(struct st node *) malloc(sizeof(struct st_node));

temp~node->st=
(struct st-str 0) malloc(sizeof(struct st_str));

temp-node->st->name = strdup(name);
temp-node->st->name-font = NULL_VALUE;
temp-node->st->name-x = NULL_VALUE;
temp..node->st->name-y = NULL_VALUE;
temp...node->st->id = id;
temp...node->st->from = from;
temp-node->st->to =to;

temp...node->st->arc =arc;
temp...node->st->latency = latency;
temp-node->st->latency~font = NULLVALUE;
temp~node->st->latency...x = NULL_VALUE;
temp...node->st->latency..y = NULL_VALUE;
temp-node->st->is-deleted = is_deleted;
temp~node->st->is_new = is~jiew;
temp-node->st->is-modified = is_modified;
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temp-node->st->is-state-variable = is-state-variable;
temp-node->next = NULL;
return temp~node;

/~Builds a spline node with the given values. *

struct spline-node* new-spline node(x, y)
mnt x;
mnt y;

struct spline-..node *newý_node
(struct spline-node *) malloc(sizeof(struct spline-node));

new-node->x = x
new-node->y = y
new-node->next = NULL;
return new-node;

1*Builds a data structure with sample data. An operator is
commented out for debugging purposes, but may be included
in again by removing the comments.

void initialize-dat&()(
struct op_ýode *current op node;
OPNodePTR opt.,ptr, op2_ptr, optptr;
struct st-node *current-st-node;
struct spline-node *splinel, *splirie2, *spline3;

prototype = (HeadPtr) malloc (sizeof (HEADER.NODE));
prototype->next = NULL;
current~graph = prototype;
the.~.operator_list = build...op..nodo(6OPl9, 1, 0, 100, 100, 20,

RED, FALSE, FALSE, FALSE,
.FALSE, FALSE);

current..op~node = the_operatorjlist;
prototype->operator_list = the_op4erator~list;
current_op...node->next = build-op~node(IOP2M , 2, 500, 300, 100,

20, BLUE, FALSE, FALSE,
FALSE, TRUE, FALSE);

1* current-op-node = current__op~node->next;
current_op-node->next =buil.ý_op~node('0P3'f, 3, 0, 150, 150,

20, YELLOW, FALSE, FALSE,
FALSE, FALSE, TRUE);

opl~ptr = the~operator_list;
op2...ptr = the-_operator_list->next;

I* op3...ptr = the_operator list->next->next;

spie ewsln1od(7,5)

splinel>nx = newspline_node(17 0, 50);

spline2 =new...spline_node(300, 200);
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spline2->next = new-spline-node(200, 300);
spline3 = new-spline_node(160, 250);
spline3->next = new-spline-node(lSO, 200);
the_streamr_list = build-st-node("FLOWl', 1, opl-ptr, op2_ptr,

splinel, 250, FALSE, FALSE,
FALSE, TRUE);

prototype->streaxnk_list = the_stream__jist;
prototype->name = strdup("Sample Graph');
prototype->name-font = 0;
prototype->name~x = NULL -VALUE;
prototype->name....= NULL -VALUE;
current_st_node = the_stream-list;
current-st-node->next = build~st...node(mFLOW2ff, 2, op2_ptr,

NULL, spline2, 0, FALSE,
FALSE, FALSE, FALSE);

current_st~node = current_st_node->next;
current_st_node->next = build-st-node(IFLOW3', 3, NULL,

opl...ptr, spline3, 0,
FALSE, FALSE, FALSE,
FALSE);

/* Turns off the _is-new flags in the operator and stream lis ts.
This prevents them from being added into the sde's data
structure again the next time the graph editor is called.

void make-old()
struct op...node *temp-op-ptr = tha...operator-list;
struct st-node *temp~st-ptr = the...streaxmj~ist;

while(temp__op~ptr != NULL) (
temp__op~ptr->op->is~new = FALSE;
tempop~ptr = temp__op...ptr->next;

while(temp-st-ptr 1=NULL){
temp~st~ptr->st->is_new =FALSE;.

temp...st...ptr = temp-st...ptr->next;

I~The commented out code is sometimes necessary for
debugging. -The pdb debugger goes into an endless loop when
it encounters *a scanf() call, so the choice value must be
hard-coded to use the debugger.

main()
mnt choice = 5;
FILE *tool file;
char bufferCINPUTLINESIZE + 1];

init~ialize~datao;
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/* the-operator_list =NULL;
the-stream _list = NULL;

if((tool-file = fopen("tool_location.txtO,
"art')) == NULL)

printf('Tool location file not found.\n");
else

fscanf (tool_file, OWs, buffer);
while~strcnmp(buffer, 'graphviewer:") !=0)

fscanf(tool-file, "%sl, buffer);
fgets(buffer, INPUTLINESIZE, tool~file);
fclose(tool-file);
system(buffer);
while(choice != 4)

printf(I 1. Graph Viewer\nO);
printf(I 2. Graph Editor\ng);
printf(" 3. Kill Viewer\nff);
printf(a 4. Quit\n\n');
printf~mchoice: %d\n", choice);
scanf(O%dM , &choice);

/* choice =2;
*1 switch(choice)(

case 1:
make-oldU;
refresho;
break;

case 2:
make_oldo;

#ifdef GEDEBUG
display-op-nodes 0;
display~st...nodes 0;

#endif
edit 0;
if(level-change__direction ==UP)

printf(WChange up\n');
else

if(level~change~direction ==SAME)

printf('No level change.\nN);
else

printf(IChange level: %s\nm, goto~child);

#ifdef GEDEBUG

display~op~nodes 0;
display...st..nodes 0;

#endif
break;

case 3:
kill-viewero;
break;

case 4:
break;
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default:
printf('Please choose 1, 2, 3, or 4.\n");

2
I

)
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Name: sde-ge.h
Author: Capt Robert M. Dixon
Program: sde
Date Modified: 12 Sep 92
Remarks: Provides the common declarations for the

syntax-directed editor and the interface routines.

Originally created by Professor Valdis Berzins and
modified by Professor Fernando Naveda and Capt Robert
M. Dixon.

#ifndef SDE_GE_H
#define SDE_GE_H 1

typedef int BOOL; /* 0 means false, 1 means true */
typedef int OP_ID; /* unique identifier numbers for

OPERATORs, 1 .. # ops */

typedef struct opstr
char *name;
int

name_font,
name x,
namey;

OP_ID id; /* cannot be changed after creation */
int

*met,
met_font,
met x,
met-y,
x,

radius,
color; /* met in units of ms */

BOOL
is_deleted,
is_new, /* is new is set by the GE and cleared by the SDE */
*iscomposite,
is_terminator,
is_modified;

)OPNODE, *OPEPATOR;

/*typedef struct opstr* OPERATOR;*/

typedef struct op.node
OPERATOR op;
struct opnode *next;

)OPHEAD, *OPNodePTR;

/*typedef struct opnode* OPERATOR_LIST;*/
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/. -- - - - - - - - - -- - - - - - - - - - -- - - - - - - - - -

typedef struct spline_node(

int

struct spline-node*
next;

)SPLINENODE, -SPLINEPTR;

/*typedef struct spline-node* SPLINE;*/
/*----------------------------------------------------------------*

typedef int ST_ID; V* unique identifier numbers for
streams, 1 .. # streams ~

typedef struct st~str(
char *name;
int

name_font,
name~x,
name-y;
STID id; /* cannot be changed after creation ~

OPNodePTR
from,
to;

SPLINEPTR
arc; /* null pointer if the arc is a

straight line *
int

latency, V* latency in units of mns
latency...font,
latency..x,
latency-y;

BOOL
is..deleted,
is.new, V~ is-new is set by the GE and

cleared by the SDE ~
is-state-variable,
is_modified;

)ST-NODE, *STREAM;

/*typedef struct st_str* STREAM;*/

typedef struct st..node
STREAM st;
struct st-node

*next;
)ST-HEAD, *ST_PTR;

/*typedef struct st_node* STREAM_LIST;*/
/*--------------------------------------------------------------*

typedef struct Header_Node(
char

*nam~e;
int

237



name_font,
namex,
name-y,
op_id-no;

int
met;

BOOL
markedfor_delete,
is_composite;

STPTR
stream-list;

OPNodePTR
operator_list;

struct HeaderNode
*next;

)HEADERNODE, *HeadPtr;

#define UP 1
#define SAME 0
#define DOWN -1
#define TRUE 1
#define FALSE 0

#endif
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Name: spline-object.h.
Author: Capt Robert M. Dixon
Program: graph-editor
Date Modified: 11 Sep 92
Remarks: Specification for the SplineObject class.

The SplineObject is used to create the curved lines
used in the graph-editor's splines. It stores a
linked list of control points which it uses to draw
itself, point by point.

In order to correctly terminate in the appropriate
locations, it adds special control points I call
'shadow points' at the ends of the lines. Since
b-splines don't normally end at the first and last
control points, the extra shadow points make the
curve stop in the right place.

#ifndef spline-object-h
#define spline-object-h 1

#include <stdio.h>
#include <Xll/Xlib.h>
#include <X1l/Intrinsic.h>
#include <Xm/MessageB.h>
#include lgedefs.h"

class OperatorObject;
class StreamObject;

class _spline_node (
friend SplineObject;

protected:
int _x, _y;
-splinenode *_next-ptr;

public:
_splinenode() _next__ptr NULL;)
_splinenode(int x, int y) (_-x = x; _y = y; _next-ptr = NULL;)
_splinednode(XYPAIR inpair)

(.x = inpair.x; _y = inpair.y; _nextptr = NULL;)
-_spline_.node() (delete _nextptr;)

);

class SplineObject (
protected:

static Widget _errortgt;

-splinenode *_head-ptr;
BOOLEAN _shadow~pts-set, _handles_drawn;
_spline_node *_iter;
int _handle_selected;
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static valid-nurn-string(char *flllf);

void draw-arrowhead(GC graphics~context, StreamObject *parent,
-spline-node *endpoint);

static void error-box(char *error-message);
int num~points(_spline-node *pl, -spline-node *p2,

-spline-node *p3, _spline-node *p4);
public:

static void set-error-tgt(Widget widget) (_error_tgt =widget;)

Splineabjecto;
-SplineObject() (delete _head~ptr;)
GE_STATUS build-fromrLdisk(FILE *infile);
GE_STATUS write-to~disk(FILE *outfile, EXTERNSTATUS status);
CLASS-DEF is-a( (return SPLINEOBJECT;)
Splineobject& operator=(SplineObject&);
void set-object-ptrs(OperatorObject *_from~ptr,

OperatorObject *_to~ptr);
void draw(StreaxnObject* parent, GC graphics_context,

GC handle-context, DRAW -STYLE style,
EXTERNSTATUS status);

XYPAIR first-point U;
XYPAIR last~point U;
void draw-handles CGC draw~context, StreamObject *parent,

mnt xl, mnt yl);
void clearo;
void add(int x, mnt y);
void reset-iter U;
XYPAIR next~pair U;
BOOLEAN hit(int x, mnt y);
void set-text-location~int &naxne-x, mnt &nate~y,

mnt &latencyx, mnt &latency-y);
void set-name-location~int &name~x, mnt &name-y);
void set-latencyjlocation(int name-x, mnt name~y,

mnt &latency-x, mnt &latency-y);
void set-extern-location(XYPAIR &ex-tern_location,

EXTERNSTATUS status);
BOOLEAN hit-handle(int x, mnt y, EXTERN_STATUS status);
void move_handle~int x, mnt y);
BOOLEAN empty() (return -head-ptr == NULL;)
void erase-handle(GC graphics_context, StreamObject *parent);
void reset-handles drawno() handles-drawn = FALSE;)

#endif
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Name: spline object.C
Author: Capt Robert M. Dixon
Program: graph_editor
Date Modified: 17 Sep 92
Remarks: Implementation of the SplineObject class.

The SplineObject is used to create the curved lines
used in the graph.editor's splines. It stores a
linked list of control points which it uses to draw
itself, point by point.

In order to correctly terminate in the appropriate
locations, it adds special control points I call
'shadow points' at the ends of the lines. Since
b-splines don't normally end at the first and last
control points, the extra shadow points make the
curve stop in the right place.

Credits: Portions of code are adapted from the following:

Barakati, Naba, X Window System Programming, SAMS,
1991.

Heller, Dan, Motif Programming Manual, O'Reilly and
Associates, 1991.

Johnson, Eric, and Reichard, Kevin, X Window
Applications Programming, MIS Press, 1989.

Young, Douglas, Object Oriented Programming With C++
and OSF/Motif, Prentice-Hall, 1992.

Formula for b-spline curves comes from:

Zyda, Michael, Book Number 5, Graphics and Video
Laboratory, Naval Postgraduate School, 1990.

**************************************************************

#include <stdlib.h>
#include <stdio.h>
#include <string. h>

#include <math.h>
#include <stream.h>
#include 'ge_defs.h"
#include 'spline.object.ha
#include "stream_object.ho
#include moperator__,object.h"

#define ARROWANGLE 45.0
#define ARROWSIDELENGTH 10.0
#define HITDISTANCE 10
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#define SKIPFACTOR 4
#define NONE 0
#define EXTERNOFFSET 30

II Initializes the static error target widget.

Widget SplineObject::-error-tgt = NULL;

II Determines whether the string represents a valid number.

BOOLEAN Splineobject::valid nuiný-string(char *num)
mnt index, numr_length;

if(num !=NULL)(
num-length =strlen(nuxn);
if(numjý-ength > 0)

for(index = 0; index < numr_length; index++)(
if((num(indexJ ! '\n') &&
((num~index] < '0') 11 (num~indexJ > '9')))
return FALSE;

return TRUE;

)

return FALSE;

IIDisplays the error message in a Motif error dialog box.

void SplineObject::error-box(char *error_message)(
static Widget error-dialog =NULL;
Arg arg[lJ;
XmString t;

if(_error~tgt != NULL)(
if(error-dialog == NULL)(
error_dialog = XmCreateMessageDialog(_errortgt, 'error",

arg, 0);

XtVaSetValues (XtParent (errorjiialog),
XtNtitle, 'Error',
NULL);

XtUrnmanageChild (XmMessageBoxGetChild (error-dialog,
XmDIALOG_-HELPBUTITON));

t =XrnStringCreateSimple (errorjnessage);
XtVaSetValues (error-dialog,

XmNxnessageString, t,
NULL);

XmStringFree(t);
XtManageChild(error-dialog);

else
cout <<

OError Target Widget must be set by calling module.\no
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<< endl;

SplineObject: :Splineobject()

-head~ptr = NULL;

-iter = NULL;
-shadow-pts-set = FALSE;
-handle-selected = NONE;
handles drawn = FALSE;

IIDraws a handle at the given coordinates.

void Splineobject: :draw_handles (GC draw~context,
StreamObject *parent, mnt xl,
mnt y&)

#ifdef GEDEBUG
cout << "Spline: R << (xl - (HANDLESIZE / 2)) << <<

(yl - (HANDLESIZE / 2)) << <<" HANDLESIZE << endl;
#endif

XSetFunction(parent->display...ptro, draw_context, GXxor);
XFillRectangle (parent->display...ptr 9,

parent->draw~window()
draw-Context, (xl -(HANDLESIZE / 2)),
(yl - (HANDLESIZE I2)), HANDLESIZE,
HANDLESIZE);

XFillRectangle (parent->display-ptr 0.
* (parent->drawing~area~pixmap 0),
draw...context, (xl -(HANDLESIZE / 2)),
(yl - (HANDLESIZE /2)), HANDLESIZE,
HANDLESIZE);

XSetFunct ion (parent->display-ptr 0, draw-context, GXcopy);

IIBuilds the spline from disk.

GESTATUS Splineobject::build_from-disk(FILE *infile)(
char buffer(INPUTLINE_SIZE + 1], *error-str-ptr = NULL;
-spl ine...node *temp-node-ptr;
mnt x, y;
BOOLEAN done = FALSE;
GE_STATUS status = SUCCEEDED;

*fgets(buffer, INPUT_LINE_SIZE, infile); //clear 'SPLINE,
while((!done) && (status == SUCCEEDED))(

if (strcinp('SPLINEEND\nl,
fgets(buffer, INPUT_LINE_SIZE, infile)) !=0)

if (valid-num-string(buffer))
x = atoi(buffer);

else
error...str-ptr = strdup('Corrupted spline We);

if (error_str..ptr == NULL) (

243



fgets(buffer, INPUTý_LINE_SIZE, infile);
if (valid-numr_string(buffer))
y = atoi(buffer);

else
error-str-ptr = strdup("Corrupted spline y");

if(error-str-ptr == NULL)(
if Lýhead~ptr == NULL) (

_ýhead~ptr =new _spline_node(x, y);

temp-node~ptr = _ýhead~ptr;

else(
temp__node~ptr-> next-ptr = new _spline node(x, y);

tempnode~ptr = temp-node-ptr->_next~ptr;

else
done = TRUE;

if(error~str~ptr != NULL)f
error-box(error~str-ptr);
status = FAILED;
free(error str~ptr);

if(ferror(infile))
error-box('Unix reports an error building splifle.m);

clearerr(infile);
status =FAILED;

return status;

II Writes the graphic attributes of the spline to disk.

GE_STATUS SplineObjec't::write-to--disk(FILE *outfile,
EXTERNSTATUS status){

char bufferfINPUT-LINE_SIZE + 1];

-spline-node *tempnode-ptr = _ýhead~ptr;

if (status == FROMEXTERNAL)
temp__node...ptr = temp~node~ptr->rnext...ptr;

else
temp-node-..ptr = temp~node-ptr->-nextvptr->..next~ptr;

fprintf(outfile, NSPLINE\nff);
while(temp~node~ptr->-nextptr->-.next~ptr != NULL)(

sprintf(buffer, '%d\nf, temp-node-ptr->.x);
fprintf(outfile, buffer);
sprintf(buffer, R%d\nwf, tempnode~ptr->_y);
fprintf(outfile, buffer);
temp-node...ptr = temp~node~ptr->_next~ptr;

if (status ==TOEXTERNAL)(
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sprintf(buffer, "%d\nm, temp-node-ptr->.x);
fprintf(outfile, buffer);
sprintf(buffer, '%d\nO, temp-node-ptr->-y);
fprintf(outfile, buffer);

fprintf (outfile, "SPLINEEND\n");
if Cferror(outfile))
clearerr(outfile);
return FAILED;

else
return SUCCEEDED;

II Assigrnment operator.

Splineobject& Splineobject: :operator=(Splineobject& spline)
_spline~node *source-temp-ptr, *target~temp~ptr;

if(spline._head~ptr != NULL){
-head~ptr = new _spline__node;
-head-ptr->-x = spline .Lhead~ptr->...x;
-head...ptr->-y = spline.-head~ptr->..s;
source-temp-.ptr = spline.__head-ptr-> next~ptr;
target-temp-.ptr = Lhead-ptr;
while(source-temppt != NULL)

target-temp-ptr->.next-ptr = new -spline -node;
target-..temp...ptr = target -temp~ptr-> _next~ptr;
target-temp...ptr->_x = source_temp~ptr->_x;
target~temp-ptr->-y = source_temp..ptr->_y;
source-temp-ptr = source-temp-ptr->_next-ptr;

return *this;

II Returns the coordinates of the firist point in the spline.

XYPAIR SplineObject: :first~point()
XYPAIR temp~pair;

if Lýhead~ptr 1=NULL)(
tempjpair.x = head~ptr->-x;
temp~pair.y = head-ptr->_y;

else(
temp-pair.x = 0;
temp-.pair.y = 0;

return temp-.pair;

II Returns the coordinates of the last point in the spline.
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XYPAIR SplineObject::last-point() (
XYPAIR temp-pair;
_spline_node *tempnode-ptr = _headptr;

if(_headptr != NULL) (
while(temp-node-ptr->_nextptr != NULL)

tempnode-ptr = tempnode_ptr->_nextptr;
temppair.x = tempnodeptr->_x;
temppair.y = tempnodeptr->_y;

else (
temppair.x = 0;
temppair.y = 0;

I
return temppair;

// Sets _from-ptr and _toptr to the operators. at eithe9
// end of the spline. Pointers for external streams equal
// NULL. Also adds the necessary shadow and intercept points,
// and adds a control point for streams defined without one.
II Splines with externals must always have at least one point.

II Streams with external endpoints use the last control
// point as the physical endpoint of the spline. Otherwise,
// the attached operator provides the coordinates for the
// intercept point, i.e. the spline endpoint.

// In a spline with shadow points, the points are stored
// in the linked list in the following order:
//

// 'to' shadow point - 'to' intercept point -

// (defined control points) -
// 'from' intercept point - 'from' shadow point

void SplineObject::setobject-ptrs(Operator'bject 4_from_ptr,
OperatorObject *_to-ptr) (

XYPAIR from_intercept, to_intercept, temp-pair, firstpoint,
lastpoint;

-splinenode *tempnode-ptr, *temp_head-ptr, *temp-node-ptr2;

if(_shadow-ptsset == TRUE) (

II strips off existing intercept and shadow points. For
II externals, the intercept points are saved.

tempnodeptr = _head-ptr;
while (tempnodeptr->_next-ptr->_nextptr->_nextptr NULL)

temp-node-ptr = temp_node_ptr->_nextptr;
if (to-ptr == NULL) (

temppair.x = tempnode-ptr->_nextptr->.x;
temppair.y = tempnodeptr->_nextptr->_y;
tointercept temp-pair;

)
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delete temp~node~ptr->..next~ptr;
temp-node-ptr->-next ptr = NULL;
temp~node-.ptr2 = head-ptr;
temp-node-ptr -head-ptr->_next-ptr->-next-ptr;
temp~node-..ptr2 ->-next~pt r->_next~ptr =NULL;
if Lfrom~ptr ==NULL) (

temp-pair.x = head-..ptr->_next~ptr->_x;
temp-pair.y _ head~ptr->_next~ptr->_y;
from-intercept = temp-pair;

delete temp node-..ptr2;
.hea&..-ptr = temp-node...ptr;

else(
-shadow-pts_set = TRUE;
if(_from...ptr == NULL) (

if(_head~ptr == NULL)(
error box('External streams must have at least one control point');
return;

else{
temp...node-.ptr = -head~ptr;
-head-ptr = _head~ptr->-next-ptr;
from-intercept.x = temp-node~ptr-> x;
from-intercept.y = temp~node..ptr->..y;
temp~node...ptr->_next~ptr = NULL;
delete temp-node...ptr;

if(_to-.ptr == NULL)(
if Lhead-ptr == NULL)
error-box('External streams must have at least one control point');

else (
temp-node~ptr = _head~ptr;
if(temp...node..ptr->-next-ptr == NULL)(
to-intercept .x = temp...node~ptr->-x;
to-intercept.y = tempnode~ptr->.y;
delete temp~jiode...ptr;
-head...ptr = NULL;

else{
while(tempriode~ptr->_next~ptr->-next-ptr != NULL)

temp-.node~ptr =temp-nde-ptr->-next~ptr;

to-intercept.x =temp...node...ptr->-next...ptr->...x;
to-intercept.y =temp...nodejptr->-next~ptr->-y;
delete temp~node-ptr->_next..ptr;
temp node...ptr->_next..ptr = NULL;

if(_head~ptr != NULL)(
temp-pair = this->first...pointo;
if(_from...ptr != NULL)
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from-intercept = -from-..ptr->intercept (temp-pair .x,
temp-pair.y);

first...point.x = from-intercept.x -

(temp-pair.x - from-intercept.x);
first-point.y = from_intercept.y -

(temp..pair.y - from intercept.y);
temp-pair = this->last-pointo;
if(_to~ptr != NULL)

to-intercept = ...to..ptr->intercept(temp~pair.x,
temp-pair.y);

last-point.x = to-intercept.x -(temp-pair.x -

to-intercept.x);
last-point.y = to-intercept.y -(temp~pair.y -

to_intercept.y);
temp-head...ptr = new _spline-node(first~point);
temp-head-ptr->-next~ptr = new -spline~node(from intercept);
temp-node-ptr =temp-head-ptr->-next~ptr;
temp~node~ptr->_next~ptr = _head-..ptr;
while (temp~node...ptr->....ext...ptr != NULL)

temp-node-..ptr = temp-node-ptr-> next..ptr;
temp~node~ptr->-next..ptr = new -spline-node(to intercept);
temp...node...ptr->...next...ptr->-next-.ptr=
new _spline~node(last~point);

_head-ptr = temp~head..ptr;

else(
if Lto-ptr == NULL)

from-intercept = -from-ptr->intercept (to-..intercept .x,
to_intercept.y);

else
if(_from~ptr == NULL)

to-intercept =

...to-.ptr->intercept (from-intercept .x,
from-intercept .y);

else (
temp...pair = ...to..ptr->centero;
from-intercept = _from~ptr->intercept(temp-pair.x,

temp-pair.y);
to-intercept = -to-ptr->intercept(from-intercept.x,

from-intercept.y);

)appi~ fo-necptx+t~necp~)/2
temp~pair.x (from-intercept.x + to-intercept.x) / 2;

first~point.x = from-intercept.x - (temp-pair.x -

from-intercept.x);
first~point.y = from-intercept.y - (temp-pair.y -

from-intercept.y);
last~point.x = to_intercept.x - (temp...pair.x -

to-intercept.x);
last-point.y = to-intercept.y - (temp...pair.y -

to_intercept.y);
temp....ead.ptr = new _spline...node(first-point);
tempj~xead...ptr->-next...ptr = new _spline-node(from-intercept);
temp...node-ptr = temp-.head-.ptr ->-next...ptr;
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temp-node~ptr->-next-ptr = new -splinenode (temp-pair);
temp~node-ptr = temp~node-ptr->-next.ptr;
temp-node...ptr->-next~ptr = new _spline~node(to-intercept);
temp__node~ptr->_next~ptr-> next~ptr

new -spline~node(last~point);
-head~ptr = temphead~ptr;

II Determines the number of points to be calculated for the
IIspline.

int SplineObject::nuxn.points(_spline_node *pl, -spline_.node *p2,
-spline-node *p3,
-spline_node *p4)(

int distance, nuxnber...points = 0;

if (p4 != N4ULL)(
distance = abs(pl->...x - 2>_)
if (distance > number-points)

niumber-..points = distance;
distance = abs(pl->-x - 3>x;
if (distance > nuznber...points)

number-..points =distance;
distance = abs(pl-> -x - p-_)
if (distance > number...points)
number-points = distance;

distance = abs(p2->ýx - p-_)
if (distance > number~points)

number-..points = distance;
distance = abs(p2->_x - p-_)
if (distance > number..points)

number--.points = distance;
distance = abs(p3->...x - 4mx)
if (distance > number..points)

number-..points = distance;
distance = abs(pl->...y -p--
if (distance > nuxuber...points)

number-.points = distance;
distance = abs(pl->..y - p-_)
if (distance > number...points)

number-..points = distance;
distance = abs(pl->_.y - p--)
if (distance > number~points)
number-..points = distance;

distance = abs(p2->..y - p--)
if (distance > number..points)

number-..points = distance;
distance = abs(p2->_~y - p-_)
if (distance > nuxuber...points)

number-..points = distance;
distance = abo(p3->..y - p-
if (distance > number~points)

riumber-Points =distance;
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-- - -- -

return numnber-points;

1/ Draws the arrowheads for the line.

void Splineobject::draw-arrowhead(GC graphics-context,
StreamObj ect *parent,

-spline-node *endpoint)
-spline-node *last~point = endpoint->_next~ptr;
double angle, tempangle;
double half-arrow-angle = ARROWANGLE /2.0 * MP1 180.0;
XPoint vertices[3];

if(last~point->_x == endpoint->_x)

angle = MP1 2.0;
else

angle = 3.0 *MP1 / 2.0;

else(
angle = atan((double) (last-point->...y - endpoint->..y)/

(double) (last~point->_x - endpoint->-x));

if((last~point->_x < endpoint->_x))
angle = M__P1 + angle;

vertices[0).x = endpoint-> x;
vertices[0] .y = endpoint->_y;
temp-angle = angle - half__arrowý_angle;
vertices[l].x = (short) (endpoint->_x - (cos(temp__angle)

* ARROWSIDELENGTH));

vertices(1] .y = (short) (endpoint->_.y - (sin(temp-angle) *

ARROWS IDELENGTH));
temp~angle = angle + half_arrow...angle;
verticesE2].x = (short) (endpoint->__x - (cos(temp-angle)*

ARROWS IDELENGTH));
vertices (2].y = (short) (endpoint->_y - (sin(temp~angle) *

ARROWS IDELENGTH));
XFillPolygon (parent->display-ptr 0, parent->drawý_window 0,

graphics-csontext, vertices, 3, Convex,
CoordModeOrigin);

XFillPolygon (parent->display-ptr 0,
* (parent->drawing~area~pixmap 0),
graphics-context, vertices, 3, Convex,
CoordModeOrigin);

II Draws the spline point by point, and if the coordinates
IIare near a spline point, TRUE is returned.

BOOLEAN SplineObject::hit(int in-x, int in-y)(
int points;
float inc;
float t, t2, t3, terml, term2, term3, terui4, x, y;
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spline-node *pl, *p2, *p3, *p4;

pl = _head-ptr;

p2 = pl->_nextptr;
p3 = p2->_nextptr;
p4 = p3->_next ptr;
points = numpoints(pl, p2, p3, p4) / SKIPFACTOR;
while(p4 != NULL) (

inc = 1.0 / (float) points;
for(t = 0.0; t <= 1.0; t += inc) (

t2 = t * t;
t3 = t2 * t;
terml = (-t3 + (3 * t2l - (3 * t) +1);
term2 = ((3 * t3) - (t2 * 6) + 4);
term3 = ((-3 * t3) + (3 * t2) + (3 * t) + 1);
term4 = t3;
x = terml *pl->_x;

x += term2 * p2->_x;
x += term3 * p3->_x;
x += term4 *p4->x;

x /= 6.0;

y = terml * pl->_y;
y += term2 *p2->y;

y += term3 *p3->y;

y += term4 *p4->y;

y /= 6.0;
if((abs((int) x - inx) < HITDISTANCE) &&

(abs((int) y - in.y) < HITDISTANCE))
return TRUE;

)
pl = p2 ;

p2 = p3;
p3 = p4 ;
p4 = p4->_next-ptr;
points = num points(pl, p2, p3, p4) / SKIPFACTOR;

)
return FALSE;

II Draws the spline using the control points.

void SplineObject: :draw(StreamObject *parent,
GC graphics-context, GC handle_context,
DRAW_STYLE style,
EXTERNSTATUS status) (

int points, i, j;
float inc, t, t2, t3, terml, term2, term3, term4, x, y;
-spline-node 'pl, *p2, *p3, *p4, *temp-node_ptr;
BOOLEAN need_handles;

pl = _head-ptr;
p 2 = pl->_nextptr;
p3 = p2->.nextptr;
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p4 = p3->-next-ptr;
points = num-points(pl, p2, p3, p4);
while(p4 !=NULL)(

/* Debug code
if((pl->..x > 1000) 11 (pl->-x < 0))

printf("Bogus draw pix: %d id: %d', pl->_x, parent->ido);
if((pl->.y > 1000) 11 (pl->..y < 0))
printf("Bogus draw ply: %d id: %d", pl->_y, parent->ido);

if((p2->-x > 1000) 11 (p2->..x < 0))
printf("Bogus draw p2x: %d id: %d", p2->-x, parent->id());

if((p2->..y > 1000) 11 (p2->..y < 0))
printf("Bogus draw p2y: %d id: %d", p2->-y, parent->id());

if( (p3->...x > 1000) 11 (p3->...x < 0))
printf('Bogus draw p3x: %d id: %d', p3->-x, parent->ido);

if((p3->_y > 1000) 11 (p3->_y < 0))
printf("Bogus draw p3y: %d id: %d", p3->-y, parent->ido);

if((p4->-x > 1000) 11 (p4->-x < 0))
print '"'Bogus draw p4x: %d id: %d", p4->-x, parent->ido);

if( (p4->_y > 1000) 11I (p4->..y < 0))
printf("Bogus draw p4y: %d id: td', p4->-y, parent->ido);

inc = 1.0 / (float) points;
for(t =0.0; t <= 1.0; t += inc)

t2 =t * t

t3 =t2 * t

terml = (-t3 + (3 *t2) -(3 * t) +1);
terrn2 = ((M t3) -(t2 *6) + 4);
term3 = (-3 * t3) + (3 *t2) + (3 *t) + 1);
term4 = t3;
x = terml * pl->-x;
x += term2 * p2->-x;
x += term3 * p3->-x;
x += terrn4 * 4>x

x /=6.0;

y =terml * pl->_y;
y += term2 * 2>y

y += terin3 * 3>y

y += term4 * 4>y

y /= 6.0;
if(parent->is-state-variableo) ( Idraw thicker line

for(i = (int) x - 1; i < (int) x + 1; i++)
for(j = (int) y - 1; j < (int) y + 1; j++)(
XDrawPoint (parent->display~ptr H.

parent-.>draW windowo,
graphics-context, i, j);

XDrawPoint (parent->display-ptr 0,
* (parent->drawing area~pixmap H),
graphics_context, j, j);

else
XDrawPoint (parent->display-ptro, parent->draw-window H,

graphics-context, (int) x, (int) y);
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XflrawPoint (parent->display~ptr 9,
*(parent->drawing-area-pixapo),
graphics_context, (int) x, (int) y);

p1 =p2

p2 = p3;
p3 =p4

p4 = p4->_njext~ptr;
points = num.points(pl, p2, p3, p4);

temp-node-ptr = *..head~ptr->_next-ptr;
if((Lhandles-drawn ==FALSE) && (style ==SOLID)) 11

((_handles-drawn ==TRUE) && (style ==ERASE))

need-handles = TRUE;
else

need-handles = FALSE;

if(parent->is-selected() && (status == FROM_EXTERNAL) &
need_handles)
draw_handles(handle_context, parent, temp-node-ptr->-x,

temp~node~ptr->_y);
temp...node...ptr = temp-node-ptr->...next~ptr;
while (temp~nodeptr->-next-ptr-> next..ptr != NULL) f

if(parent->is_selected() && need_handles)
draw-handles (handle_context, parent, temp~node-ptr->-x,

temp~node...ptr->_y);
temp..node~ptr =temp-node...ptr->_next..ptr;

drawl arrowhead (graphics_context, parent, temp-node...ptr);
if(parent->is_selected() && (status == TOEXTERNAL) &

need-handles)
draw handles (handle-context, parent, temp~node..ptr->-x,

temp...node~ptr->..y);
if (need_handles) (

if handles-drawn == TRUE)
_handles-drawn = FALSE;

else
_handles-drawn = TRUE;

II Erases the control points.

void SplineObject::clear()

delete .jiead~ptr;
_hea&..ptr = NULL;

II Adds a new control point to the spline.

void Splineobject::add(int x, mnt y){
-spline-node *temp-node-ptr;
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/* Debug code
if((x > 900) 11 (x < 0))
printf(mBogus spline x: %d', x);

if((y > 900) 11 Cy < 0))
printf('Bogus spline y: %dff, x);

if(-head-ptr == NULL)

_ýhead~ptr = new _spline~node(x, y);
else(

temp-node~ptr = jead~ptr;
while(temp~node-ptr->-nexttr1 NULL)

temp-node~ptr = temp-node-ptr->_next~ptr;
temp--node-ptr->-next-ptr = new _spline node(x, y);

II Returns the control point pointed to by the iterator
IIpointer, then advances the iterator pointer.

XYPAIR SplineObject::next-pair()4
XYPAIR temp~pair;

if(_iter == NULL) 4
temp~pair.x =-;

temp-pair.y =-;

else
temp-pair.x = _iter->_x;
tenp-pair.y = _iter->_y;
_iter = _iter->_next...ptr;

return temp-pair;

II Resets the iterator pointer to the beginning of the spline.

void SplineObject::reset-iter()o

_iter = _head~ptr;

// Places the name between the middle two control points.

void Splineobject::set-name-location(int &namex, mnt &name-y)(

-spline-node *temp-node-ptr = _head~ptr;
mnt tempx, temp...y, i, numrknodes = 0;

while(temp~node..ptr != NULL) 4
nurn_nodes++;
temp~node..ptr = tempnode-ptr->_next-ptr;

temp-node~ptr = _head-ptr;
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if L.hea&..ptr != NULL)(
for(i = 1; i < numk-nodes / 2; i+i+)

temp-node...ptr = temp-node-ptr->.next-ptr;
tempx =

(temp~node~ptr->__x + t-emp-.node-ptr-> next~ptr->-x) / 2;
temp.S =

(temp~node~ptr->_.y + temp..node~ptr-> next~ptr->-y) / 2;
name_x = temp...X;
name-.y = temp-y;

II Places the latency location underneath the name.

void SplineObject::set...latency-location(int temp~x, mnt temp~y,
mnt &latency~x,
mnt &latency..y)

latency...x = temp..x;
latency-.y = temp-y + 15;

/1Convenience function for setting the text location.

void Splineobject+::set-text-location(int &name...x, mnt &name-y,
mnt &latency~x,
int &latency..y)

set_name location(namex namey)

set-latency-location(name~x, name~y, latency~x, latency~y);

II Checks to see if the coordinates are within any of the
IIhandles, or within the ends of external streams.

BOOLEAN SplineObject::hit_ýhandle(int x, mnt y,
EXTERNSTATUS status){

int numi_handle = 2;
-spline-node *temp...node...ptr = head-ptr->-next~ptr;

if(status != FROMEXTERNAL)(
temp...node-ptr = temp-node~ptr->_next..ptr;
num...handle++;

while(temp...node..ptr->...next-ptr->_next...ptr !=NULL)(
if((((temp...node...ptr->_x) - (HANDLESIZE / 2) - HITFUDGE)

<= X) &&
(x <=

((temp...node...ptr->_x) + (HANDLESIZE / 2) + HITFUDGE)) &&
t((temp...node...ptr->_.y) - (HANDLESIZE / 2) -HITFUDGE) <= y) &&
(y <= ((temp-..node..ptr->_.y) + (HANDLESIZE /2) + HITFUDGE)))(

_handle_selected =num_handle;
return TRUE;
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temp~node...ptr = temp-node~ptr-> next~ptr;
nurnk_handle++;

if (status == TO_EXTERNAL)(
if((((temp~node~ptr->.x) -(HANDLESIZE / 2) - HITFUDGE)

<= x) &&

(x <=

((temp~node~ptr->..x) + (HANDLESIZE / 2) + HITFUDGE)) &&
(((temp~node~ptr->_y) - (HANDLESIZE / 2) -HITFUDGE)

<= Y) &&
(y <= ((temp~node~ptr->_.y) + (HANDLESIZE I2) +

HITFUDGE)))(
_handle_selected = nuxn~handle;
return TRUE;

_ýhandle_selected = NONE;
return FALSE;

II Moves a spline handle.

void SplineObject::move-handle(int x, mnt y)
-spline_node *temp~node~ptr = _-iead..ptr;
mnt i;

for(i = 1; i < _handle_selected; i++)
temp-node-ptr = temp-node~ptr-> _next~ptr;

temp..node~ptr->_x += x;
tempnodeode.ptr->_y += y;

temp-..node...ptr->_-x = 0;
if(temp-node...ptr->_y < 0)

temp-node-ptr->.y = 0;

II Erases the given handle

void SplineObject::erase-handle(GC graphics-context,

StreamObject *parent)
-spline_node *temp-node~ptr = _head...ptr;
mnt i;

for(i = 1; i < _handle_selected; i++)
temp-node-ptr = temp-..node~ptr->w_next-ptr;

draw-handles (graphics_context, prn, temp~node~ptr->-x,
temp__node...ptr->_y);

II Determines the location for the 'EXTERNAL' label on
IIthe drawing.

void SplineObject::set-extern_location(XYPAIR &extern-location,
EXTERNSTATUS status)(
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-spline-node *temp-node-ptr, *intercept-ptr, *shadow~ptr;

int temp~x, temp..y;

if (status ==FROM_ EXTERNAL)(
shadow...ptr = -hea&..ptr;
intercept-ptr = -head-ptr->-next-ptr;

else
if (status == TOEXTERNAL)
temp~node-ptr = _head.ptr;
while (temp~node~ptr->-next-ptr->-next-ptr != NULL)

temp-node...ptr = temp~node-ptr->_next~ptr;
intercept~ptr = temp~node-ptr;
shadowptr = temp-node-ptr->-next~ptr;

if (shadow..ptr->-y > intercept-ptr->...y)
temp-.y = intercept~ptr->...y + 7;

else
temp-y = intercept-ptr->..y - 7;

if (shadow~ptr->-y == intercept-ptr->_y)
if(shadow~ptr->_x > intercept-ptr->-x)
temp-x = EXTERNOFFSET;

else
temp-.x =-EXTERNOFFSET;

else
temp-x = (temp-y - intercept-ptr->_y)I

((shadow~ptr->-y) - (intercept~ptr->_yl)
((shadow~ptr->_x) - (intercept~ptr->_x));

if(abs(temp~x) > EXTERN_OFFSET)
if(shadow-ptr->_x > intercept-ptr->_x)

tenip-x = EXTERNOFFSET;
else

temp-x = -EXTERNOFFSET;
temp...x += intercept~ptr->_x;
temp~y += 10;
extern-location.x = temp~x;

extern-location.y = temp~y;

257



Name: stream.h
Author: Capt Robert M. Dixon
Program: grapheditor
Date Modified: 11 Sep 92
Remarks: Specification for the StreamObject class.

The StreamObject is a graphical representation of
a curved PSDL stream. The stream is drawn as a
b-spline specified by a series of control points.
Streams automatically connect to their attached
operators, and always have arrowheads at their
terminating points.

#ifndef stream-obj ect~h
#define streamkobject~h 1

#include <stdio.h>
#include <Xl1/Xlib.h>
#include 'ge-defs.hwf
#include ~'graph...object .ho
#include fspline-object .h'
#include moperator~object .hm

class GraphObj ectList;

class StreamObject : public GraphObject(
protected:

char *-name-ptr, *-latency-string~ptr;
int _id, _from, _to, _..latency, _name~font, _name-x, -name-y.
-latency~font, _latency--x, .jatency~y, _name-height,
_namewyidth, _latency..yidth, -latency-height,
_handle-selected;
SplineObject _arc;
BOOLEAN _is_deleted, _is-new, is~jnodified, _is_state--variable,

_is_selected, _name_selected, _latency-selected,
-st-handles..drawn, _name_handles-drawn,
-latency-..handles drawn;

OperatorObject *_from~ptr, *_to~ptr;
XYPAIR name-location, lat~location, extern_location;

void set_default-text-locationo;
void set__default_name-locationoi;
void set-default-latency..locationo;
void Streamobject::draw _handles(GC draw-context, mnt xl,

mnt yl, mnt x2, mnt y2);
public:

StreamObjecto;
StreamObject(char *in~nme~ptr, mnt in~d, mt in_from,

mnt in-to, mnt in-latency, SplineObject in~arc,
BOOLEAN in_is_new, BOOLEAN in-is_state_ývariable);

-StreamObjecto ()delete _name...ptr;delete -latency~string~ptr;)
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GE_STATUS build_from~property U;
GESTATUS build~from-disk(FILE *infile);
GE_STATUS write-to-propertyo;
GE_STATUS write-to~disk(FILE *outfile);
void drawý-spline(DRAWý_STYLE style);
void draw(DRAW_-STYLE style);
void draw__text(DRAWSTYLE style);
void erase-text U;
void move_text(int x, mnt y);
void selecto;
void unselecto;
void erase 0;
BOOLEAN hit(int x, mnt y);
CLASSDEF is-a( (return STREAMOBJECT;)
void set-object~ptrs(GraphObjectList *parent);
mnt id() (return _id;)
char *nameo() return nnet;
void set-deleted() (_isdeleted = TRUE;)
void delete notify (CLASSDEF class~type, mnt deletecdobj-id);
void replace-naine(char *newname);
void set-constraint(int constraint);
void move-notify(CLASS_DEF object~type, mnt object-id);
BOOLEAN is-selected() (return _is-selected;)
BOOLEAN is_state_variable() {return _is_state-variable;)
void set-state_variable (BOOLEAN state)

(_is state-variable = state;)
BOOLEAN hit~handle(int x, int y);
void move-handle(int x, mnt y) L--arc.move-handle(x, y);)
void set-modified() (-is-.modified = TRUE;)
BOOLEAN text-selected()

(return (_name-selected 11 latency-selected);)
void set-text_dimensionso;
void set-object-font(int font-id);
void undelete-notify(CLASS_DEF class-type, mnt deleted.objjid);
void reset_handles_drawn_state0;
int text-widtho;
mnt text--heighto;
void text-locate(int x, mnt y);
void erase handleo () arc. erase_handle Lgraphics-context, this);)
int constraint() (return _latency;)

#endif;
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Name: stream_object.C
Author: Capt Robert M. Dixon
Program: graph-editor
Date Modified: 11 Sep 92
Remarks: Implementation of the StreamObject class.

The StreamObject is a graphical representation of
a curved PSDL stream. The stream is drawn as a
b-spline specified by a series of control points.
Streams automatically connect to their attached
operators, and always have arrowheads at their
terminating points.

Credits: Portions of code are adapted from the following:

Barakati, Naba, X Window System Programming, SAMS,
1991.

Heller, Dan, Motif Programming Manual, O'Reilly and
Associates, 1991.

Johnson, Eric, and Reichard, Kevin, X Window
Applications Programming, MIS Press, 1989.

Young, Douglas, Object Oriented Programming With C++
and OSF/Motif, Prentice-Hall, 1992.

#include <stdlib.h>
#include <string.h>
#include <stream.h>

#include 'stream-object.h"
#include 'graph_.object_list.h'

#define MAX_CONTROL_POINTS 100

StreamObject::StreamObject() : GraphObjecto()

_nameptr = NULL;
_latency-string-ptr = NULL;
_fromptr = NULL;

_toptr = NULL;
_isselected = FALSE;
-namefont = _defaultjfont;
_latency-font = _defaultfont;
_namex = NULL_VALUE;
_name-y = NULL-VALUE;
_latency.x = NULL_VALUE;
_latency-y = NULL_VALUE;
_nameselected = FALSE;
_latency-selected = FALSE;
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set-text-dimensionso;
reset-handles-drawn_stateo;

II Latency values less than zero are assumed to refer to

/1microseconds.

StreamObject: StreamObject (char *in~name~ptr, mnt injid,

mnt in-from, int in-to, int in-latency,
SplineObject in..arc, BOOLEAN injis-new,
BOOLEAN in_is-state-variable) Graphobject()

char buffer(INPUTLINE_SIZE];

..name-ptr =strdup(in-naxne-.ptr);
-name-font -default_font;
-id = injid;
-from = in-from;
-to = in_to;
-latency =in-latency;
if(_latency == NULL_VALUE)

-latency-string~ptr = NULL;
else (

if(_latency < 0)
sprintf(buffer, 1%d us', -_latency);

else
sprintf(buffer, %d ms, _latency);

-latency-string~ptr = strdup(buffer);

-.latency-..font = -default-font;
-arc = in-arc;
-is-state-variable = in-is-state-variable;

-is-deleted = FALSE;
-is-new = in-is-new;
-is-modified = FALSE;
-is-selected = FALSE;
-name-selected = FALSE;
-latency-selected = FALSE;
-from~ptr = NULL;
-to...ptr = NULL;
set-text-dimensionso;
reset-handles-drawn-stateo;

GESTATUS StreamObject::build from~property()

return FAILED;

II Builds the stream from disk.

GESTATUS StreamObject::build_from disk(FILE *infile)(

char buffer(INPUT_LINE_SIZE + 1), *error_str-ptr = NULL;
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int last_char;
GESTATUS status = SUCCEEDED;

fgets(buffer, INPUT_LIMESIZE, infile);
last-char =strlen(buffer) - 1;
if(buffer[last_char] == nI

buffer[last_char] = 0;
if(strcm~p(buffer, 'ENDDATA') == 0)

return ENDED;
else(

-name-ptr = strdup(buffer);

fgets(buffer, INPUTLINE-SIZE, infile);
if(valid_numn-string(buffer))
_name_font = atoi(buffer);
if Lnaxne-font > MAXFONTS)

error~str-ptr = strdup(*Name Font Too Large');

else
error-str...ptr = strdup(*Corrupted Namne Font');

if(error~str...ptr == NULL) (
fgets(buffer, INPUT_LINESIZE, infile);
if (valid-nurn-string(buffer))

_name_x = atoi(buffer);
else

error..str...ptr =strdup(*Corrupted name-..x);

if(error...str~ptr ==NULL){
fgets(buffer, INPUTLINE-SIZE, infile);
if (valid_num_string(buffer))

-name~y = atoi(buffer);
else

error...str...ptr =strdup(,Corrupted name-y');

if(error~str...ptr ==NULL)(

fgets(buf for, INPUTLINE..SIZE, infile);
if (valid_num_string(buf for))
_id =atoi(buffer);

else
error..str~ptr =stodup('Corrupted idN);

if(error...str...ptr ==NULL)

fgets(buf for, INPUTLINESIZE, infile);
if (valid...num-..string (buffer))

-from = atoi(buf for);
else

error...str...ptr =serdup ('Corrupted \ from\"');

if(error...str..ptr ==NULL)(
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fgets(buffer, INPUTLINE -SIZE, infile);
if (valid_nurn-string(buffer)){

-to = atoi(buffer);
if((_from ==0) && (_to == 0))
error-str-ptr =

strdup("'From & To pointers both NULL.\n);

else
error~str~ptr =strdup("Corrupted \'tom'");

if(error~str~ptr NULL)(
status = _arc.build-from-disk(infile);
if (status == FAILED)
error~str-ptr =strdup("Unable to build spline,);

if (error-str-ptr ==NULL)

fgets(buffer, INPUT_LINE-SIZE, infile);
if (valid_num_string(buffer))

-latency = atoi(buffer);
else

error-str-ptr =strdup ("Corrupted latency');

if (error-str-ptr ==NULL){
iflatency == NULL_VALUE)

-latency-string-ptr =NULL;
else

if(-latency < 0)
sprintf(buffer, I%d us', -_latency);

else
sprintf(buffer, I%d mns', _latency);

-latency-string-ptr =strdup(buffer);

if(error~str~ptr == NULL){
fgets(buffer, INPUT_LINESIZE, infile);
if (valid_nurn-string(buffer)) (

-latency-font = atoi(buffer);
if(_latency~font > MAXFONTS)
error-str-ptr = strdup('Latency Font Too Large');

else
error-str-ptr =strdup(mCorrupted Latency Font');

if (error-str-ptr ==NULL)(

fgets(buffer, INPUT_LINESIZE, infile);
if (valid-numn-string(buffer))
_latency-x = atoi(buffer);

else
error-str-ptr = strdup(mCorrupted latency~xN);
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if (error str~ptr ==NULL)
fgets(buffer, INPUT-LINESIZE, infile);
if (valid-num-string(buffer))
_latency~y = atoi(buffer);

else
error-str-ptr =strdupC'Corrupted latency-y");

if(error7_str..ptr ==NULL)

if (strcinp ( TRUE\n",
fgets(buffer, INPUTLINESIZE, infile)) == 0)
-is-deleted = TRUE;

else
if(strcmp("FALSE\nf, buffer) == 0)
_is-deleted = FALSE;

else
error-str~ptr = strdup('Corrupted is_deleted");

if(error~str~ptr == NULL){
if (strcmp ( TRUE\n',

fgets~buffer, INPUT_LINE_SIZE, infile)) == 0)

//Change this if original _is-new should be saved.

_is-new = FALSE;
else

if(strcmp('FALSE\n', buffer) == 0)
_is_new = FALSE;

else
error-str-ptr = strdup('Corrupted is_new"f);

if(error~str~ptr == NULL)(
if (strcmp(I TRUE\nl,

fgets(buffer, INPUTý_LINE_SIZE, infile)) == 0)
_is_modified = TRUE;

else
if(strcmp('FALSE\nl, buffer) == 0)
_is-modified =FALSE;

else
error_str-ptr =strdup('Corrupted is-modifiedff);

if (error str~ptr == NULL)(
if (strcmp( "TRUE\nf,

fgets(buffer, INPUT_LINE_SIZE, infile)) ==0)

_is-state_variable = TRUE;
else

if(strcmp(IFALSE\nl, buffer) == 0)
_is-state_vyariable = FALSE;

else
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error-str-ptr = strdup('Corrupted is-state-variables');

_is-selected =FALSE;
_name-selected =FALSE;
-latency_selected =FALSE;

if (error str~ptr ==NULL) (
set-text-dimens ions U;

if(error~str~ptr != NULL) {
status = FAILED;
sprintf(buffer, 'Stream %s: %s', _name~ptr, error~str~ptr);
error-box(buffer);
free (error-str-ptr);

if(ferror(infile))
sprintf (buffer,

TMUnix reported an error building stream %s", _name~ptr);
error-box(buffer);
clearerr(infile);
status = FAILED;

return status;

II Draws handles around the specified location. Handles are
IIdrawn in exclusive-or mode to simplify erasing them without
IIdisturbing the underlying text.

void Strea~mObject::draw-handles(GC drawý_context, mnt xl, mnt yl,
mnt x2, mnt y2) (

XSetFunct ion Ldisplay-ptr, drawý-context, GXxor);
XFillRectangleC...display4ptr, _draw-window, drawý_context, xl,

yl, HANDLESIZE, HANDLESIZE);
XFillRectangle Ldisplay-ptr, -draw-winCow, draw-context,

x2 - HANDLESIZE, y), HANDLESIZE, HANDLESIZE);
XFillRectangle(-display~ptr, -dcaw-window, draw-Context, xl,

y2 - HANDLESIZE, HANDLESIZE, HANDLESIZE);
XFillRectangle(_display~ptr, _draw-window, draw-cciitext,

x2 - HANDLESIZE, y2 - HANDLESIZE, HANDLESIZE,
HANDLESIZE);

XMllRectangle L-display-ptr, *_drawing-area~pixmp,
drawý_context, xl, yl, HANDLESIZE, HANDLESIZE);

XFillRectangle Ldisplay...ptr, *_drawing~area~pixmp,
drawý_context x2 - HANIJLESIZE, yl, HANDLESIZE,
HANDLESIZE);

XFillRectangle(__display~ptr, *_drawing-area~pixmp,
draw-context, xl, yZ - HANDLESIZE, HANDL 'SIZE,
HANDLESIZE);
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XFillRectangle(_display~ptr, *_drawing~area~pixmap,

draw-context, x2 - HANDLESIZE, y2 - HANDLESIZE,

HANDLESIZE, HANDLESIZE);

XSetFunction(_display-ptr, drawý-context, GXcopy);

// Draws text strings.

void Streamobject::draw-text(DRAWý_STYLE style)

GC draw-context;

if(style == SOLID)

draw-context = -graphics-context;

else

if (style == ERASE)
draw-context = -erase-context;

set-font(draw context, _name-font);

XDrawString Ldisplay-ptr, -draw-window, draw-Context,

-name-x, _name~y, name-ptr, strlen(_name~ptr));
XDrawString Ldisplay-ptr, *-drawing-area-pixmap, draw-context,

-nane-x, -name~y, _name-ptr, strlen(_name~ptr));
if(_name_selected) (
if((_name-handles-drawn == FALSE) && (style == SOLID))(

draw-handles(Lgraphics-contexct, _name-x - HANDLESIZE,

_name~y - _name~height - HANDLESIZE,

-name-x + _name_width + HANDLESIZE,

-name~y + HANDLESIZE);

-name-handles-drawn = TRUE;

else

if((-name handles-drawn == TRUE) && (style == ERASE))(

draw-handles Lgraphics~context, _name-x - HANDLESIZE,

-name~y - -name-height - HANDLESIZE,

-name -x + _ name-width + HANDLESIZE,

-name-y + HANDLESIZE);

-name-handles-drawn =FALSE;

if-latency != NULLVALUE)(
set-font(draw-context, _latency~font);

XDrawString(_display-ptr, _drawý_window, draw-context,

Alatency~x, _latency..S, -latency-string~ptr,
strlen(_latency~string-ptr));

XDrawSt ring (display-ptr, *-dr,ýving-area-pixmap,

draw-context, _latency-x, -latency-y,

-latency-string-ptr,
strlen(_latency~string-ptr));

if( _latency-selected)(
if((-latency-handles-drawn == FALSE) && (style == SOLID))

draw-handles(_graphics~context, _latency-x - HANDLESIZE,

_latency-y - _latency-height - HANDLESIZE,

-latency~x + _latency~width + HANDLESIZE,

-latency-y + HANDLESIZE);
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-latency-handles-drawn = TRUE;

else
if((_latency~handles_drawn == TRUE) &

(style ==ERASE)) (
draw-handles Lgraphics~context,

-latency~x -HANDLESIZE,

_latency-y - latencyjieight - HANDLESIZE,
-latency~x + _latency~width + HANDLESIZE,
_latency-y + HANDLESIZE);

.latency_ýhandles--drawn FALSE;

void StreaxnObject::erase__text()

draw-text(ERASE);

GE_STATUS StreamObject::write~to-property()
return FAILED;

IIWrites the graphic attributes of the stream to disk.

GE_STATUS StreamObject::write_to-disk(FILE *outfile){
char buffer[INPUTLINE_SIZE + 1];

fprintf(outfile, "%s\n', -naxneptr);
sprintf(buffer, '%d\n%d\n%d,, name_font, _namex, ..name~y);
fprintf(outfile, I%s\nf, buffer);
sprintf(buffer, "%d, _id);
fprintf(outfile, I%s\na, buffer);
sprintf(buffer, "%dl, _from);
fprintf(outfile, I%s\nl, buffer);
sprintf(buffer, %d', -to);
fprintf(outfile, I%s\n', buffer);
if(-from ==0)
_arc.write_to__disk(outfile, FROM_EXTERNAL);

else
if(-to ==0)
_arc.write_to~disk(outfile, TO_EXTERNAL);

else
_arc.write_to~disk(outfile, NO_EXTERNAL);

sprintf(buffer, 0%d', -latency);
fprintf(outfile, '%s\n', buffer);
sprintf (buffer, I%d\n%d\n%do, _latency~font, _latency~x,

-latency..y);
fprintf(outfile, '%s\n*, buffer);
if Lis_...deleted)

fprintf(outfile, 'TRUE\n');
else
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fprintf(outfile, "FALSE\n');
if (-s-new)

fprintf(outfile, 'TRUE\n');
else

fprintf(outfile, "FALSE\no);
if(-is-modified)

fprintf(outfile, MTRUE\n');
else

fprintf(outfile, "FALSE\n");
if(_is_state-variable)

fprintf(outfile, OTRUE\n');
else

fprintf(outfile, "FALSE\ng);
if(ferror(outfile))(

clearerr(outfile);
return FAILED;

else
return SUCCEEDED;

II Draws the stream. The actual curved line is contained
IIin a spline, which draws itself.

void StreaxnObject::draw(DRAWSTYLE style)(
GC draw -context;
EXTERNSTATUS status;

if(_is_deleted ==FALSE)(

if((_from~ptr NULL) 11 (_to~ptr !=NULL))(
if (style == SOLID)
draw-context = _graphics-context;

else
if (style == ERASE)

drawý_context = _erase_context;
else

drawý_context = -dotted-context;
if(-from-ptr == NULL)
status = FROMEXTERNAL;

else
if(_to~ptr == NULL)
status = TOEXTERNAL;

else
status = NO_EXTERNAL;

_arc.draw(this, drawý_context, _graphics~context, style, status);
draw-text (style);
if((_from~ptr ==NULL) 11 (to-ptr == NULL))

if(_from~ptr ==NULL)

_.arc.set-extern-location(extern_location,
FROMEXTERNAL);

else
if(_to-ptr == NULL)

_arc.set-extern-location(extern-location,
TOEXTERNAL);
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set~font (draw-context, _nane~font);
XDrawStringL-2display-ptr, _draw_window, draw-context,

extern_location.x, extern-location.y,
mExternalff, strlen("External"));

XDrawString (_jisplay-ptr, *_drawing-area-pixmap,
draw-context, extern_location.x,
extern-location.y, "External",
strlen('Externalff));

void StreamObject::erase()

draw (ERASE);

II Returns TRUE if the given coordinates are close to the
IIline, or within the boundaries of the text strings.

BOOLEAN StreamObject::hit(int x, mnt y)

if(_is~deleted)
return FALSE;

else (
if Lname-ptr != NULL)(

if(strlen(.name-ptr) 1=0)
if(((x >= _name-x) && (x <= (-name-x + _name-width))) &&

(y >= _name~y -_name_ýheight) && (y <= _name~y)){

_name_selected =TRUE;

return TRUE;

if(lIatency-string~ptr != NULL){
if (strlen (latency..string-ptr) =0)

if(((x >= _latency..x) &&
(x <= (_.latencyx + ..jatency..yidth))) &&
(y >= -latency-y - -latency-height) &&
(y <= -latency-y))

-latency-selected = TRUE;
return TRUE;

return _arc.hit(x, y);

ii Sets the _from...ptr and -to-ptr equal to the locations of
IIthe from and to operators. Simplifies getting properties
iiof the operators when needed.

void StreamObject::set-object...ptrs (GraphObjectList *parent){
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if(Lfrom !=0)
_from..ptr = (OperatorObject *) parent->

target-object (OPERATOROBJECT, _from);
if(_to != 0)

-to..ptr = (OperatorObject *) parent->
target-object(OPERATOROBJECT, _to);

_arc.set-object-ptrs(_from..ptr, _to~ptr);
set-default-text-locationo;

/1Notifies the stream that the given object has been deleted.
/1If it's an operator connected to the stream, the stream
IIdeletes itself.

void StreamObject::delete-notify(CLASSDEF class-type,
mnt deleted.obj-id)

if((class~type == OPERATOROBJECT) &&
((_from ==deleted-objjid) 11I Lto == deleted-objtid))){

erase U;
_is-deleted =TRUE;

void StreamObject:: replace_.name (char *new name)

delete _name~ptr;
-name..ptr =strdup(new -name);
set-text-dimensionso;

II Notifies the stream that the given object has moved. If
//it's a connected object, the endpoints of the stream must
//move.

void StreamObject::move _notify(CLASSDEF object-.type, mnt objectjid)

if Cobject..type == OPERATOROBJECT) (
if((_from == objectjid) 11 (-to == object-id))
_arc.set_object~ptrs(_from..ptr, _to~ptr);

else
if.((object~type == STREAMOBJECT) && (objectjid -i d))
_arc.set-object...ptrsL-from-.ptr, _to..ptr);

void StreamObject::select()

erase ()
_is-selected = TRUE;
draw(SOLID);

void StreamObject::unselect()
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erase();
_is-selected = FALSE;
_name-selected = FALSE;
-latencyselected = FALSE;
draw(SOLID);

II Returns true if any of the stream's handles enclose the
// given coordinates.

BOOLEAN StreamObject::hithandle(int x, int y) C
EXTERNSTATUS status;

if(_fromnptr == NULL)
status = FROM_EXTERNAL;

else
if(_to-ptr == NULL)

status = TOEXTERNAL;
else

status = NOEXTERNAL;
return _arc.hithandle(x, y, status);

void StreamObject::setdefaulttextlocation() (

_arc.set_text_location(_name-x, _name y, _latency-x,
_latency.y);

)

void StreamObject::set_default_namelocation() o

_arc.set_name_location(_name-x, _name-y);
)

void StreamObject::set defaultlatencyjlocation() o

_arc.set-latencylocation(_name~x, _name.y, _latencyx,
_latencyvy);

I

// Sets latency from the value entered in the properties
// dialog box.

void StreamObject::setconstraint(int constraint) {
char buffer[INPUT_LINE_SIZE];

-latency = constraint;
delete _latency-stringptr;
if(_latency == NULLVALUE)

_latency-string-ptr = NULL;
else (

if(_latency < 0)
sprintf(buffer, 1%d us', -_latency);
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else
sprintf(buffer, "%d ins', _latency);

_latency-string~ptr = strdup(buffer);

_latency-string~ptr = strdup(buffer);
set-text-dimensionsU;

/1Sets values for the dimensions of the text strings.
-Inamne-font and _met-font must be set before calling!

void StreaxnObject::set-text_dimensions()

if Lname-ptr ==NULL){

-name-width =0;

-name-height = 0;

else
_name-width =font-text-width(-name-font, _n-ame~ptr);
-namej-height =font-text-height(_name-font);

if(-latency != NULLVALUE)
_latency__width =font_text__width(jlatency~font,

-latency~string..ptr);
-latency-height =font-text-ýheight(-latency-font);

else

_latencywyidth =0;

_latency-height =0;

void StreamObject::set object~font(int fontjid)(

if Lname-selected)
_name-font = font-id;

else
if(_latency~selected)

-latency-font = font-id;
set_text__dimensionso;

II Moves appropriate text strings the given amount.

void StreamObject::hnove-text(int x, mnt y)(

erase-texto;
if Lname-selected)(
_name-x += x;

-name-y += y

else
if (latency-selected){

-latency...x += x;
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_latencyy += y;
I

drawtext(SOLID);

// Notifies the stream that the given object has been
// undeleted. If it's an object connected to the stream,
// the stream may need to undelete itself. The undeleted object
// could be the stream itself.

void StreamObject::undeletenotify(CLASS_DEF class-type,
int deletedobj_id)

if((class-type == STREAMOBJECT) &&
(deletedobjjid == -id))

is deleted = FALSE;
_is_modified = TRUE;
_is-selected = FALSE;
_nameselected = FALSE;
_latency-selected = FALSE;

)
else

if((class-type == OPERATOROBJECT) &&
(_isdeleted == TRUE)) (

if( from == deletedobj_id) (
if(_to-ptr != NULL) (

if(_toptr->is_deleted() == FALSE) (
_is_deleted = FALSE;
_ismodified = TRUE;
_is-selected = FALSE;
_nameselected = FALSE;
-latency-selected = FALSE;

)
)
else (

_is_deleted = FALSE;
_is_modified TRUE;
_isselected = FALSE;
_nameselected = FALSE;
-latency-selected = FALSE;

)

else
if(_to == deleted_obj_id) (

if(_from-ptr != NULL) (
if(_from_.ptr->is_deleted() == FALSE) (

_is_deleted = FALSE;
_is_modified = TRUE;
_isselected = FALSE;
_nameselected = FALSE;
-latency-selected = FALSE;

)
)
else (
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_is-deleted = FALSE;
_is-modified = TRUE;
_is-selected = FALSE;
_nameselected = FALSE;
_latency-selected = FALSE;

)
I

II The handlesdrawn states are used to prevent the handles
II from accidentally redrawing and erasing a handle.

void StreamObject::resethandles_drawn_state() (

st handlesdrawn = FALSE;
_name-handles-drawn = FALSE;
_latencyhandles_drawn = FALSE;
_arc.reset_handles_drawno;

int StreamObject::textheight()

if(_name_selected)
return _name-height;

else
if(_latency selected)

return _latency-height;
else

return 0;

int StreamObject::textwidth()

if(_name_selected)
return _name-width;

else
if(_latencyselected)

return _latencyyidth;
else

return 0;

// Relocates the appropriate text strings at the given
II locations.

void StreamObject::textlocate(int x, int y) (

if(_latencyselected) (
_latency.x = x - _latencywidth / 2;
_latencyy = y + _latency_height / 2;

)
else

if(_nameselected) {
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_namex =x - _name~width/2;
-nane-y = y + __name-height /2;
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